THE RADIO 
AMATEURS 
HANDBOOK 


CIVILIAN TRAINING } [BRARY 
SHINAL CPRPS Cette! prem Anurem | 


inoejeure Aue wrt0Ig [[eo v 10F Apuor SheMye ore (FuIpULys) 1awH ..009,, pur (poives) qqng ,.[eH,, S101810dGQ “LSD “urd TT pur ge", 1B “oy goGg‘gE PUE OLE‘Ez “FEZ FT “OSTL “SLSE ‘T9LT ue 
Jes SINOIVUIL [Tv 0} SasussoUr YdvsZoJo] SNOCUBI[NUNIS MOTLOJ “0% BOG°BS PUL OLS‘8S ‘LES FT *096E ‘9061 UO SUOISsTUISUEI] 29104 ‘pur Youd s0J Po]]|VISUT oa” S1911TUISUeII *MY-] e1vaudag 


SUALYVNOGVAH "THUY ‘AVIA ‘NOLLVLS TVIMOWAW WIXVN FHL LY WOOW ONEL 





ell 


NINETEENTH EDITION 
NINETEEN-FORTY-TWO 


* 


THE RADIO 
AMATEUR’ 
HANDBOOK 





CIVILIAN TRAINING LIBRARY | 
SIGNAL CORPS GENERAL DEVELOPMENT LABORATC 


BY THE HEADQUARTERS STAFF OF THE 
AMERICAN RADIO RELAY LEAGUE 





PUBLISHED BY THE AMERICAN RADIO RELAY LEAGUE, 
INCORPORATED, WEST HARTFORD, CONNECTICUT 


COPYRIGHT 1941 BY THE AMERICAN RADIO RELAY LEAGUE, INC, 


Copyright secured under the Pan-American Convention. 


All rights of translation reserved. 
. 


First Edition, November, 1926 . . . 

Second Edition, First Printing, J ainnary, 1927 

Second Edition, Second Printing, April, 1927 . 

Third Edition, First Printing, October, 1927 

Third Edition, Second Printing, April, 1928 

Fourth Edition, December, 1928 .. . : 

Fifth Edition, May, 1929 ; 

Sixth Edition, First Printing, Nowerber, ‘1929 

Sixth Edition, Second Printing, March, 1930 . 

Sixth Edition, Third Printing, June, 1930 

Seventh Edition, October, 1930 . 

Eighth Edition, April, 1931 a : 

Ninth Edition, First Printing, January, 1932 h ePoy 

Ninth Edition, Second Printing, September, 1932 . 

Tenth Edition, First Printing, January, 1933 . 

Tenth Edition, Second Printing, July, 1933 

Eleventh Edition, First Printing, January, 1934 

Eleventh Edition, Second Printing, May, 1934 

Twelfth Edition, First Printing, November, 1934 . 

Twelfth Edition, Second Printing, July, 1935 . 

Thirteenth Edition, First Printing, October, 1935 . 

Thirteenth Edition, Second Printing, February, 1936 

Fourteenth Edition, First Printing, October, 1936 . 

Fourteenth Edition, Second Printing, February, 1937 

Fifteenth Edition, First Printing, October, 1937 

Fifteenth Edition, Second Printing, January, 1938 

Sixteenth Edition, November, 1938 . . . 

Seventeenth Edition, First Printing, aoe ee 1939 

Seventeenth Edition, Second Printing, January, 1940 

Eighteenth Edition, First Printing, November, 1940 . 

Eighteenth Edition, Second Printing, January, 1941 . 
Eighteenth Edition, Third Printing, June, 1941 . 

Richteenth Edition, Fourth Printing, September, 1941. 

Nineteenth Edition, First Printing, November, 1941 ... .. 

Nineteenth Edition, Second Printing, March, 1942 ..... 

Nineteenth Edition, Third Printing, April, 1942 ...4... 


PRINTED IN U. S. A. BY 


THE RUMFORD PRESS 
CONCORD, NEW HAMPSHIRE 


5,000 copies 

5,000 copies 
10,000 copiés 
10,000 copies 
10,000 copies 
10,000 copies 
10,000 copies 
10,000 copies 
10,000 copies 

7,000 copies 
25,000 copies 
25,000 copies 
30,000 copies 
10,000 copies 
30,000 copies 

8,750 copies 
30,000 copies 
13,000 copies 
40,000 copies 
‘8,000 copies 
40,000 copies 
33,200 copies 
40,000 copies 
28,300 copies 
40,000 copies 
25,000 copies 
60,000 copies 
40,000 copies 
25,000 copies 
40,000 copies 
20,000 copies 
10,000 copies 

5,000 copies 
60,000 copies 
15,000 copies 
25,000 copies 


\ 


Wb 
» 


Bg Gnolaene 


From movest secinnines in 1926 The Radio Amateur’s Handbook 
has grown into an amateur institution of remarkable dimensions. In nineteen 
editions and thirty-four pressings, it has achieved a total distribution of three- 
quarters of a million copies, its fame echoing around the world. This whole- 
hearted reception can be based only on real value to its readers. Not only 
have schools and technical classes adopted it as a text but, more important, 
it is the recognized right-hand guide of practical amateurs everywhere. In this 
new edition for 1942 the publishers believe that they are presenting the ama- 
teur fraternity with a work that will be found more helpful than any of its 
predecessors. 

Devoted to a fast-moving and progressive science, it is only natural that 
throughout its life the Handbook should have required sweeping and virtually 
continuous modification. Although an occasional piece of apparatus is carried 
over to a new edition when it still represents the best practice in its class, we 
arrived many years ago at the place where the Handbook annually experiences 
a complete rewriting, so that the successive editions have small resemblance 
to each other. From the first a strenuous effort has been made to keep the book 
as up-to-date, as accurate and as reliable as is humanly possible. Special pains 
have been taken to restrict the material to modern, sound, well-tried practice. 
Having somewhat the character of an annual review of time-proven methods 
in apparatus construction and operation, the Handbook has never provided a 
place for freaky circuits or methods. As any practicing amateur is well aware, 
there is an almost infinite number of ways of accomplishing a given result in 
his station — some good, some poor, many indifferent. Our editorial task has 
largely been one of selecting, eliminating from this enormous wealth of ideas 
all those that have not proved themselves by successful application in prac- 
tice. At the same time we have endeavored not to lose sight of our duty to 
assist the amateur in keeping “‘out in front” in the art, gaining the benefits 
of new ideas whose soundness has been established. The net result, we pardon- 
ably feel, is to give Handbook apparatus design an exceptional trustworthiness. 

The annual revising of the Handbook is a major task in the family life of the 
headquarters staff of the American Radio Relay League at West Hartford. 
Most of the technically-skilled specialists on the League’s staff — men who 
have earned their spurs in amateur radio — participate in the work. Prepared 
under the general technical editorship of George Grammer, QST’s technical 
editor, and with major contributions by him, the present edition also repre- 
sents many months of labor on the part of Donald H. Mix and Byron Good- 
man, QST7’s assistant technical editors; Clinton B. DeSoto, assistant secre- 
tary of the League; and Vernon Chambers, in charge of QS7’s technical infor- 
mation service. The station operating material of course is contributed by the 
League’s communications manager, Francis E. Handy. The production of the 
book has been on the broad shoulders of Clark C. Rodimon, QST’s managing 
editor. 

In this edition, as the result of many years’ study and experience, we have 
made a major improvement in organization. The book is divided into two 
parts. In the first we have grouped all the material treating of principles, 
theory and design considerations — the enduring basis of the art. In the 
second part are the apparatus designs and operating instructions, embodying 
the current practical employment of the basic knowledge of the first part. 

The first ten chapters now constitute a textbook on the theory of radio. 
Our aim has been to write an understandable nonmathematical treatment for 


busy, practical people of average education. A major objective has been to 
provide the answers to the questions which naturally arise in the course of 
amateur operation. The material has been so arranged as to make it readily 
possible to find what is wanted, a multitude of headings identifying subjects 
at a glance. Because theory bores most practical people, the information has 
been presented concisely but with copious cross-references to permit the back- 
ground always to accompany the subject under consideration. We have 
endeavored to employ cross-references in such quantity that no treatment of 
any subject can be considered ‘‘too technical,’’ since the references will even- 
tually lead the reader, if he needs it, to the applying fundamentals themselves. 
Finally, this portion of the book arranges subjects in a logical order with the 
thought that it can serve as the basis for a reasonably well-ordered radio study 
course. Necessarily compact (as is any good text), information is deliberately 
presented without sugar-coating, but every effort has been made to make it 
understandable and to avoid saying things in such a way that they are in- 
telligible only to those who already know the subject thoroughly! 

A word about the reference system: It will be noted that each chapter is 
divided into sections and that these are numbered serially within each chap- 
ter. The number takes the form of two digits or groups separated by a 
hyphen. The first figure is the chapter number, the second the section number 
within the chapter. Cross-references in the text take such a form as (§ 4-7), 
for example, which means that the subject referred to will be found discussed 
in Chapter Four, Section 7. 

The second part of the book is that which is dearest to the heart of the 
practicing amateur. As always, it gets down immediately to constructional 
considerations, but reference to the same topics in the first part of the book 
will lead the amateur quickly to ali the needed information on the whys there- 
of. Dozens of pieces of new equipment have been built — and tested! — in 
keeping with the perpetually-changing perspective of amateur radio, and 
their construction is detailed with plentiful illustrations. At the end of each 
construction chapter is a bibliography of articles in QS7. In some of these will 
be found more extensive descriptions of some of the pieces of apparatus. 
References to the bibliographies in these cases take such a form as (Bib. 5), 
which means that the fifth item in the bibliography at the end of that chapter 
gives reference to a QST article describing the particular piece of gear in some- 
what greater detail. 

Throughout the book, illustrations are serially numbered in each chapter. 
Thus, Fig. 1107 can be readily located as the seventh illustration in Chapter 
Eleven. There is a carefully-prepared index at the end of the reading pages. 

A handbook, to fill all the functions one visualizes with the word, must 
bring the reader data and specifications on the manufactured products which 
are the raw material of its field. The manufacturers of the country have col- 
laborated with us in this aim by presenting in this book much that is not 
mere advertising but that is catalog technical data. The amateur constructor 
and experimenter will find it convenient to possess in such juxtaposition both 
the constructional guidance he seeks and the needed data on parts and ma- 
terials, since both are necessary ingredients of the complete standard manual 
of amateur high-frequency communication. 

We here shall be very happy if this edition of the Handbook brings as much 
inspiration and assistance to amateurs and would-be amateurs as have its 
predecessors. 

Kennetu B. WARNER 
Managing Secretary, A.R.R.L. 
West HartrrorpD, Conn. 
November, 1941 
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The Amateur is Gentlemanly. He never knowingly 
uses the air for his own amusement in such a way 
as to lessen the pleasure of others. He abides by the 
pledges given by the A.R.R.L. in his behalf to the 


public and the Government. 


The Amateur is Loyal. He owes his amateur radio 
to the American Radio Relay League, and he offers 
it his unswerving loyalty. 


The Amateur is Progressive. He keeps his station 
abreast of science. It is built well and efficiently. 
His operating practice is clean and regular. 


The Amateur is Friendly. Slow and patient sending 
when requested, friendly advice and counsel to the 
beginner, kindly assistance and codperation for the 
broadcast listener; these are marks of the amateur 
spirit. 


The Amateur is Balanced. Radio is his hobby. He 
never allows it to interfere with any of the duties he 
owes to his home, his job, his school, or his 
community. 


The Amateur is Patriotic. His knowledge and his - 
station are always ready for the service of his 
country and his community. 
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HOW IT STARTED—THE PART 
PLAYED BY THE ARRL 


AMATEUR radio represents, to some 
seventy thousand people, the most satisfying, 
most exciting of all hobbies. Over 50,000 of 
these enthusiasts are located in the United 
States and Canada, for it is this continent 
which gave birth to the movement and which 
has ever since represented its stronghold. 

When radio broadeasting was first intro- 
duced to the public some years ago, it instantly 
caught the fancy of millions of people all over 
the world. Why? Because it fired their imagi- 
nation — because it thrilled them to tune in on 
a program direct from some distant point, to 
hear speech and music that was at that mo- 
ment being transmitted from a city hundreds 
and even thousands of miles away. To be sure 
there was also a certain amount of entertain- 
ment value, and it is true that as the years 
have passed this phase has become paramount 
in the minds of most listeners; yet the thrill of 
“DX” is still a major factor in the minds of 
hundreds of thousands of people, as witness 
the present popularity of international short 
wave reception of foreign programs. 

That keen satisfaction of hearing a distant 
station is basic with the radio amateur but it 
has long since been superseded by an even 
greater lure, and that is the thrill of talking with 
these distant points! On one side of your radio 
amateur’s table is his short-wave receiver; on 
the other side is his private (and usually home- 
made) short-wave transmitter, ready at the 
throw of a switch to be used in calling and 
‘“‘working’”’ other amateurs in the United 
States, in Canada, Europe, Australia, every 
corner of the globe!* Even a low-power trans- 
mitter makes it possible to develop friend- 
ships in every State in the Union. Of course, 
it is not to be expected that the first contacts 
will necessarily be with foreign amateurs. 
Experience in adjusting the simple transmitter, 
in using the right frequency band at the right 
time of day when foreign stations are on the 


air, and practice in operating are necessary be-— 


fore communication will be enjoyed with ama- 
teurs of other nationalities. But patience and 
experience are the sole prerequisites; neither 





* Because of the current international situation, commu- 
nication by U.S. amateurs with foreign countries is tempo- 
rarily forbidden. 


high power nor expensive equipment is required. 

Nor does the personal enjoyment that comes 
from amateur radio constitute its only benefit. 
There is the enduring satisfaction that comes 
from doing things with the apparatus put to- 
gether by one’s own skill. The process of design- 
ing and constructing radio equipment develops 
real engineering ability. Operating an amateur 
station with even the simplest equipment like- 
wise develops operating proficiency and skill. 
Many an engineer, operator and executive in 
the commercial radio field got his practical 
background and much of his training from his 
amateur work. So, in addition to the advan- 
tages of amateur radio as a hobby, the value of 
systematic amateur work to a student of al- 
most every branch of radio cannot well be 
overlooked. An increasing number of radio 
services, each expanding in itself, require 
additional personnel — technicians, operators, 
inspectors, engineers and executives — and in 
every field a background of amateur experience 
is regarded as valuable. 


Amateur radio is as old as the art itself. 

There were amateurs before the present 
century. Shortly after the late Guglielmo Mar- 
coni had astounded the world with his first 
experiments proving that telegraph messages 
actually could be sent between distant points 
without wires, they were attempting to dupli- 
cate his results. Marconi himself was probably 
the first amateur — indeed, the distinguished 
inventor so liked to style himself. But amateur 
radio as it has come to be known was born when 
private citizens first saw in the new marvel a 
means for personal communication with others 
and set about learning enough of the new art 
to build a homemade station. 

Amateur radio’s subsequent development 
may be divided into two periods: pre-war and 
post-war. 

Pre-war amateur radio bore little resem- 
blance to the art as it exists to-day, except in 
principle. The equipment, both transmitting 
and receiving, was of a type now long obsolete. 
The range of even the highest-powered trans- 
mitters, under the most favorable conditions, 
would be scoffed at by the rankest beginner 
to-day. No United States amateur had ever 
heard the signals of a foreign amateur, nor 
had any foreigner ever reported hearing an 
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American. The oceans were a wall of silence, 
impenetrable, isolating us from every signal 
abroad. Even transcontinental DX was ac- 
complished in relays. ‘‘Short waves’’ meant 
200 meters; the entire wavelength spectrum 
below 200 meters was a vast silence — no sig- 
nal ever disturbed it. Years were to pass 
before its phenomenal possibilities were to be 
suspected. 

Yet the period was notable for a number of 
accomplishments. It saw the number of ama- 
teurs in the United States increase to approxi- 
mately 4,000 by 1917. It witnessed the first 
appearance of radio laws, licensing, wave- 
length specifications for the various services. 
(Amateurs? — oh, yes — well, stick ’em on 
200 meters: it’s no good for anything; they’ll 
never get out of their own back yards with it.’’) 
It saw an increase in the range of amateur 
stations to such unheard-of distances as 500 
and, in some cases, even 1,000 miles, with 
U. 8S. amateurs beginning to wonder, just 
before the war, if there were amateurs in 
other countries across the seas and if — daring 
thought! —it might some day be possible to 
span the Atlantic with 200-meter equipment. 
Because all long-distance messages had to be 
‘relayed, this period saw relaying developed to 
a fine art — and what a priceless accomplish- 
ment that ability turned out to be later when 
the government suddenly needed dozens and 
hundreds of skilled operators for war service! 
Most important of all, the pre-war period wit- 
nessed the birth of the American Radio Relay 
League, the amateur organization whose fame 
was to travel to all parts of the world and 
whose name was to be virtually synonymous 
with subsequent amateur progress and short- 
wave development. Conceived and formed by 
the famous inventor and amateur, the late 
Hiram Percy Maxim, it was formally launched 
in early 1914 and was just beginning to exert 
its full force in amateur activities when the 
United States declared war and by that act 
sounded the knell for amateur radio for the 
next two and one-half years. By presidential 
direction every amateur station was disman- 
tled. Within a few months three-fourths of the 
amateurs of the country were serving with 
the armed forces of the United States as op- 
erators and instructors. 

Few amateurs to-day realize that the war not 
only marked the close of the first phase of ama- 
teur development but came very near marking 
its end for all time. The fate of amateur radio 
was in the balance in the days immediately 
following declaration of the Armistice, in 1918. 
The government, having had a taste of su- 
preme authority over all communications in 
wartime, was more than half inclined to keep 
it; indeed, the war had not been ended a month 
before Congress was considering legislation 
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that would have made it impossible for the 
amateur radio of old ever to be resumed. Presi- 
dent Maxim rushed to Washington, pleaded, 
argued; the bill was defeated. But there was 
still no amateur radio; the war ban continued 
in effect. Repeated representations to Wash- 
ington met only with silence; it was to be 
nearly a year before licenses were again issued. 

In the meantime, however, there was much 
to be done. Three-fourths of the former ama- 
teurs had gone to France; many of them would 
never come back. Would those who had re- 
turned be interested, now, in such things as 
amateur radio? Mr. Maxim determined to find 
out and called a meeting of such members 
of the Board of Directors of the League as he 
could locate. Eleven men, several still in uni- 
form, met in New York and took stock of the 
situation. It wasn’t very encouraging: amateur 
radio still banned by law, former members of 
the League scattered no one knew where, no 
League, no membership, no funds. But those 
eleven men financed the publication of a no- 
tice to all the former amateurs that could 
be located, hired Kenneth B. Warner as the 
League’s first paid secretary, floated a bond 
issue among old League members to obtain 
money for immediate running expenses, bought 
the magazine QST to be the League’s official 
organ, and dunned officialdom until the war- 
time ban was lifted and amateur radio resumed 
again. Even before the ban was lifted, in Oc- 
tober, 1919, old-timers all over the country 
were flocking back to the League, renewing 
friendships, planning for the future. When 
licensing was resumed there was a headlong 
rush to get back on the air. 

From the start, however, post-war amateur 
radio took on new aspects. Wartime pressure 
had stimulated technical development in radio. 
There were new types of equipment. The 
vacuum tube was being used for both receiving 
and transmitting. Amateurs immediately 
adapted the new apparatus to 200-meter work. 
Ranges promptly increased; soon it was possi- 
ble to bridge the continent with but one inter- 
mediate relay. Shortly thereafter stations on 
one coast were hearing those on the other 
direct! 

These developments had an inevitable result. 
Watching DX come to represent 1,000 miles, 
then 1,500 and then 2,000, amateurs began to 
dream of transatlantic work. Could they get 
across? In December, 1921, the ARRL sent 
abroad one of its most. prominent amateurs, 
Paul Godley, with the best amateur receiving 
equipment available. Tests were run, and 
thirty American amateur stations were heard 
in Europe! The news electrified the amateur 
world. In 1922 another transatlantic test was 
carried out; this time 315 American calls 
were logged by European amateurs and, what 


was more, one French and two British stations 
were heard on this side. 

Everything now was centered on one objec- 
tive: two-way communication across the At- 
lantic by amateur radio! It must be possible — 
but somehow they couldn’t quite make it. 
Further increases in power were out of the 
question; many amateurs already were using 
the legal maximum of one kilowatt. Better re- 
ceivers? They already had the superhetero- 
dyne; it didn’t seem possible to make any very 
great advance in that direction. 

How about trying another wavelength, then?, 
they asked. What about those wavelengths 
below 200 meters? The engineering world said 
they were worthless — but then, that had been 
said about 200 meters, too. There have been 
many wrong guesses in history. In 1922 the 
assistant technical editor of QST (Phelps, now 
WO9BP) carried on tests between Hartford and 
Boston on 130 meters. The results were en- 
couraging. Early in 1923 the ARRL sponsored 
a series of organized tests on wavelengths 
down to 90 meters and it was noted that as the 
wavelength dropped the reported results were 
better. A growing excitement began to filter 
into the amateur ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama- 
teur communication across the Atlantic be- 
came a reality, when Schnell, 1MO (now 
W9UZ), and Reinartz, 1XAM (now W3IBS), 
worked for several hours with Deloy, 8AB, 
in France, all three stations using a wave- 
length of 110 meters! Additional stations 
dropped down to 100 meters and found that 
they, too, could easily work two-way across 
the Atlantic. The exodus from the 200-meter 
region started. 

By 1924 the entire radio world was agog and 
dozens of commercial companies were rushing 
stations into the 100-meter region. Chaos 
threatened, until the first of a series of radio 
conferences partitioned off various bands of 
frequencies for all the different services clam- 
oring for assignments. Although thought was 
still centered in 100 meters, League officials at 
the first of these conferences, in 1924, came 
to the conclusion that the surface had probably 
only been scratched, and wisely obtained ama- 
teur bands not only at 80 meters, but at 40 
and 20 and 10 and even 5 meters. 

Many amateurs promptly jumped down to 
the 40-meter band. A pretty low wavelength, 
to be sure, but you never could tell about these 


short waves. Forty was given a try and re- - 


sponded by enabling two-way communication 
with Australia, New Zealand and South Africa. 

How about 20? It immediately showed 
entirely unexpected possibilities by enabling 
an east-coast amateur to communicate with 
another on the west coast, direct, at high 
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noon. The dream of amateur radio — daylight 
DX! — had come true. 


From that time to the present represents a 
period of unparalleled accomplishment. The 
short waves proved a veritable gold mine. 
Country after country came on the air, until 
the confusion became so great that it was 
necessary to devise a system of international 
intermediates in order to distinguish the na- 
tionality of calls. The League began issuing 
what are known as WAC certificates to sta- 
tions proving that they had worked all the 
continents. Over five thousand such certificates 
have been issued. Representatives of the 
ARRL went to Paris and deliberated with 
the amateur representatives of twenty-two 
other nations. On April 17, 1925, this confer- 
ence formed the International Amateur Radio 
Union —a federation of national amateur 
societies. The amateur as a type is the same 
the world over. 

Nor has experimental development been lost 
sight of in the enthusiasm incident to inter- 
national amateur communication. The experi- 
mentally-minded amateur is constantly at 
work conducting tests in new frequency bands, 
devising improved apparatus for amateur re- 
ceiving and transmitting, learning how to oper- 
ate two and three and even four stations where 
previously there was room enough for only one. 

In particular, the amateur experimenter 
presses on to the development of the higher 
frequencies represented by the wavelengths 
below 10 meters, territory only a few years ago 
regarded even by most amateurs as compara- 
tively unprofitable operating ground. 

The amateur’s experience with five meters is 
especially representative of his initiative and 
resourcefulness, and his ability to make the 
most of what is at hand. In 1924 first amateur 
experiments in the vicinity of 56 Me. indicated 
the band to be practically worthless for dis- 
tance work; signals at such frequencies ap- 
peared capable of being heard only to “horizon 
range.”’ But the amateur turns even such 
apparent disadvantages to use. If not suitable 
for long-distance work, at least the band was 
ideal for ‘‘short-haul’’ communication. Begin- 
ning in 1931, then, there was tremendous 
activity in 56-Mc. work by hundreds of ama- 
teurs all over the country, and a complete new 
line of transmitters and receivers was devel- 
oped to meet the special conditions incident 
to communicating at these ultra-high fre- 
quencies. In 1934 additional impetus was given 
to this band when experiments by the ARRL 
with directive antennas resulted in remarkably 
consistent two-way communication over dis- 
tances of more than 100 miles, without the aid 
of ‘‘hilltop”’ locations. While atmospheric con- 
ditions still are found to affect 5-meter DX, 
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hundreds of amateurs now spend much of 
their time on the 56-Mc. band, some having 
worked as many as four or five hundred dif- 
ferent stations at distances up to several 
hundred miles. Hundreds of contacts over a 
thousand miles or so have been made, and 
even transcontinental distances are spanned 
when conditions are right. To-day’s concept 
of u.h.f. propagation was developed almost 
entirely through amateur research. 

The amateur is constantly in the forefront 
of-technical progress. Many developments by 
amateurs have come to represent valuable 
contributions to the art, and the articles 
about them are as widely read in professional 
circles as by amateurs. At a time when only 
a few broadcast engineers in the country 
knew what was meant by ‘100% modulation”’ 
the technical staff of the ARRL was publishing 
articles in QST urging amateur ’phones to 
embrace it and showing them how to do it. 
This is only one example; the complete record 
of such accomplishments would more than fill 
this chapter alone. From the League’s labora- 
tory in 1932 came the single-signal super- 
heterodyne —the world’s most advanced 
high-frequency radiotelegraph receiver. In 
1936 the ‘“‘noise-silencer”’ circuit for super- 
heterodynes was developed, permitting for 
the first time satisfactory high-frequency re- 
ception through the more common forms of 
man-made electrical interference. Currently 
amateurs are contributing to frequency mod- 
ulation and television development. 

Amateur radio is one of the finest of hobbies, 
but this fact alone would hardly merit such 
whole-hearted support as was given it by the 
United States government at recent interna- 
tional conferences. There must be other reasons 
to justify such backing. One of these is a 
thorough appreciation by the Army and Navy 
of the value of the amateur as a source of skilled 
radio personnel in time of war. The other is 
best described as “‘public service.” 

We have already seen 3,500 amateurs con- 
tributing their skill and ability to the Ameri- 
can cause in the Great War. After the war it 
was only natural that cordial relations should 
prevail between the Army and Navy and the 
amateur. Several things occurred in the next 
few years to strengthen these relations. In 
1924, when the U. 8. dirigible Shenandoah 
made a tour of the country, amateurs pro- 
vided continuous contact between the big ship 
and the ground. In 1925 when the United 
States battle fleet made a cruise to Australia 
and the Navy wished to test out short-wave 
apparatus for future communication purposes, 
it was the League’s Traffic Manager who was 
in complete charge of an experimental high- 
frequency set on the U. S. S. Seattle. 

Definite friendly relations between the ama- 
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teur and the armed forces of the Government 
were cemented in 1925. In this year both the 
Army and the Navy came to the League with 
proposals for amateur codperation. The radio 
Naval Reserve and the Army-Amateur Net are 
the outgrowth of these proposals. Thousands 
of amateurs in the Naval Reserve are now on 
active duty with the Navy, while other thou- 
sands are serving in the other branches of the 
service. 

The public service record of the amateur is a 
brilliant one. These services can be roughly di- 
vided into two classes: emergencies and expedi- 
tions. It is regrettable that space limitations 
preclude detailed mention of amateur work in 
both these classes, for the stories constitute 
highlights of amateur accomplishment. 

Since 1913, amateur radio has been the prin- 
cipal, and in many cases the only, means of’ 
outside communication in more than one hun- 
dred storm, flood and earthquake emergencies 
in this country. Among the most noteworthy 
were the Florida hurricanes of 1926, 1928 and 
1935, the Mississippi and New England floods 
of 1927 and the California dam break of 1928. 
During 1931 there were the New Zealand and 
Nicaraguan earthquakes, and in 1932 floods in 
California and Texas. Outstanding in 1933 was 
the earthquake in southern California. In 1934 
further floods in California and Oklahoma re- 
sulted in notable amateur codperation. The 
1936 eastern states flood, the 1937 Ohio River 
valley flood, and the 1938 southern California 
flood and Long Island-New England hurricane 
disaster saw the greatest emergency effort ever 
performed by amateurs. In all these and many 
others, amateur radio played a major réle in 
the rescue work and amateurs earned world- 
wide commendation for their resourcefulness in 
effecting communication where all other means 
failed. 

During 1988 the ARRL inaugurated its 
emergency preparedness program, providing 
for the appointment of regional and _ local 
Emergency Coérdinators to organize amateur 
facilities and establish liaison with other agen- 
cies. This was in addition to the registration of 
personnel and equipment in the Emergency 
Corps. A comprehensive program of coépera- 
tion with the Red Cross, Western Union and 
others was put into effect. 

Amateur coéperation with expeditions goes 
back to 1923, when a League member, Don 
Mix of Bristol, Conn., accompanied Mac Millan 
to the Arctic on the schooner Bowdoin with 
an amateur station. Amateurs in Canada 
and the United States provided the home 
contact. The success of this venture was such 
that other explorers made inquiry of the 
League regarding similar arrangements for 
their journeys. In 1924 another expedition 
secured amateur codperation; in 1925 there 


were three, and by 1928 the figure had risen to 
nine for that year alone. Each year since then 
has seen League headquarters in receipt of 
requests for such service, until now a total of 
perhaps two hundred voyages and expeditions 
have been thus assisted. To-day practically no 
exploring trip starts from this country to 
remote parts of the world without making 
arrangements to keep in contact through the 
medium of amateur radio. 

Emergency relief, expeditionary contact, 
experimental work and countless instances of 
other forms of public service — rendered, as 
they always have been and always will be, 
without hope or expectation of material re- 
ward — have made amateur radio an integral 
part of our national life. 


THE AMERICAN RADIO RELAY 
LEAGUE 

The American Radio Relay League is to-day 
not only the spokesman for amateur radio in 
this country but it is the largest amateur 
organization in the world. It is strictly of, by 
and for amateurs, is non-commercial and has 
no stockholders. The members of the League 
are the owners of the ARRL and QST. 

The League is organized to represent the 
amateur in legislative matters. It is pledged 
to promote interest in two-way amateur com- 
munication and experimentation. It is inter- 
ested in the relaying of messages by amateur 
radio. It is concerned with the advancement of 
the radio art. It stands for the maintenance of 
fraternalism and a high standard of conduct. 
One of its principal purposes is to keep ama- 
teur activities so well conducted that the ama- 
teur will continue to justify his existence. As an 
example of this might be cited the action of the 
League in sponsoring the establishment of a 
system of official observers throughout the 
United States. 

The operating territory of the League is 
divided into fourteen United States and six 
Canadian divisions. The affairs of the League 
are managed by a Board of Directors. One 
director is elected every two years by the 
membership of each United States division, 
and a Canadian General Manager is elected 
every two years by the Canadian membership. 
These directors then choose the president and 
vice-president, who are also directors, of 
course. No one commercially engaged in selling 
or manufacturing radio apparatus or literature 


can be a member of the Board or an officer of 


the League. 

The president, vice-president, secretary, 
treasurer and communications manager of the 
League are elected or appointed by the Board 
of Directors. These officers constitute an Ex- 
ecutive Committee which, under certain re- 
strictions, decides how to apply Board policies 
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to matters arising between Board meetings. 

The League owns and publishes the maga- 
zine QST. QST goes to all members of the 
League each month. It acts as a monthly bulle- 
tin of the League’s organized activities. It 
serves as a medium for the exchange of ideas. 
It fosters amateur spirit. Its technical articles 
are renowned. QST has grown to be the ‘‘ama- 
teur’s bible’”’ as well as one of the foremost 
radio magazines in the world. The profits QST 
makes are used in supporting League activi- 
ties. Membership dues to the League include a 
subscription to QST for the same period. 

The extensive field organization of the Com- 
munications Department coérdinates operat- 
ing activities throughout North America. 


HEADQUARTERS 


From the humble beginnings recounted in 
this story of amateur radio, League head- 
quarters has grown until now it occupies an 
entire office building and employs nearly forty 
people. 

Members of the League are entitled to write 
to Headquarters for information of any kind, 
whether it concerns membership, legislation, or 
general questions on the construction or opera- 
tion of amateur apparatus. If you don’t find 
the information you want in QST7 or the 
Handbook, write to ARRL Headquarters, 
West Hartford, Connecticut, telling us your 
problem. All replies are made directly by letter; 
no charge is made for the service. 

If you come to Hartford, drop out to Head- 
quarters at 38 LaSalle Road, West Hartford. 
Visitors are always welcome. 


HEADQUARTERS STATIONS 


From 1927 to 1936 the League operated its 
headquarters station, W1IMK, at Brainerd 
Field, Hartford’s municipal airport on the 
Connecticut River. During the disastrous flood 
of 1936 this station was devastated. From the 
spring of 1936 until early summer of 1938 a 
temporary station was operated at the head- 
quarters offices, at first under the old auxiliary 
call WIINF and later as WIAW. The call 
W1AW, held until his death by Hiram Percy 
Maxim, was issued to the League by a special 
order of the Federal Communications Com- 
mission for the official headquarters station 
call. 

Beginning September, 1938, the Hiram Perey 
Maxim Memorial Station at Newington, Conn., 
has been in operation as the headquarters 
station. Operating on all amateur bands, with 
separate transmitters rated at the maximum 
legal input of one kilowatt, and elaborate 
antenna systems, this station is heard with 
good.strength in every part of the world. The 
building in which it is housed was designed by 
order of the League’s Board of Directors as a 
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permanent memorial to its founder-president, 
Hiram Percy Maxim. 


JOINING THE LEAGUE 


The best way to get started in the amateur 
game is to join the League and start reading 
QST. Inquiries regarding membership should 
be addressed to the Secretary. There is a 
convenient application blank in the rear of 
this book. An interest in amateur radio is the 
only qualification necessary in becoming an 
associate member of the ARRL. Ownership of 
a station and knowledge of the code are not 
prerequisites. They can come later. According 
to a constitutional requirement, however, 
only those members who possess an amateur 
station or operator license are entitled to full 
membership and to vote in director elec- 
tions. 

Learn to let the League help you. It is organ- 
ized solely for that purpose, and its entire 
headquarters’ personnel is trained to render 
the best assistance it can to you in solving 
your amateur problems. If, as a beginner, you 
should find it difficult to understand some of 
the matter contained in succeeding chapters 
of this book, do not hesitate to write the In- 
formation Service stating your trouble. Per- 
haps it would be profitable for you to send 
for a copy of a booklet published by the League 
especially for the beginner and entitled ‘‘ How 
to become a Radio Amateur.” This is written 
in simple, straightforward language, and de- 
scribes from start to finish the building of a 
simple but effective amateur installation. The 
price is 25 cents, postpaid. 

Every amateur should read the League’s 
magazine QST each month. It is filled with 
the latest amateur apparatus developments 
and ‘‘ham”’ news from your particular section 
of the country. A sample copy will be sent you 
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for 25 cents if you are unable to obtain one at 
your local newsstand. 


INTERNATIONAL AMATEUR RADIO 
UNION 


The IARU is a federation of thirty-three 
national amateur radio societies in the prin- 
cipal nations of the world. Its purposes are the 
promotion and coérdination of two-way com- 
munication between the amateurs of the va- 
rious countries, the effecting of codperative 
agreements between the various national so- 
cieties on matters of common welfare, the 
advancement of the radio art, the encourage- 
ment of international fraternalism, and the 
promotion of allied activities. Perhaps its great- 
est service lies in representing the amateurs 
of the world at international telecommunica- 
tions conferences and technical consulting 
committee CCIR meetings. 

The headquarters society of the Union is the 
American Radio Relay League. All corre- 
spondence should be addressed to 38 LaSalle 
Road, West Hartford, Conn., U.S. A. 

The IARU issues WAC (Worked-All- 
Continents) certificates to amateurs who qual- 
ify for this award. The regulations, in brief, 
stipulate that the applicant must have worked 
other amateurs in each of the six recognized 
continental areas of the world, supplying QSL 
cards or other indisputable proof of two-way 
contact in connection with his application; and 
that he must be a member of the member- 
society of the Union for the country in which 
he resides. In countries where no member- 
society exists the certificate may be secured 
upon payment of a fee of 50¢ to cover mailing 
costs. Two kinds of certificates are issued, one 
for radiotelegraph work and one for radio- 
telephone. There is a special endorsement for 
28-Mce. operation. 
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To UNDERSTAND amateur radio, it is 
first necessary to know where amateurs oper- 
ate. There are those who, because they have 
never heard anything else, think that ‘‘radio”’ 
means only ‘‘broadeasting.’”’ To such people a 
few nights listening in on the high frequencies 
(wavelengths below the broadcast band) will 
be a revelation. A horde of signals from dozens 
of different types of services tell their story to 
whoever will listen. Some stations send slowly 
and leisurely. Even the beginner can read 
them. Others race along furiously so that whole 
sentences become meaningless buzzes. There 
are both telegraph and telephone signals. Press 
messages, weather reports, high-frequency in- 
ternational broadcasting of voice and music, 
transmissions from government and experi- 
mental stations including picture transmissions 
and television, airplane dispatching, police 
calls, signals from private yachts and expedi- 
tions exploring the remote parts of the earth — 
these jam the short-wave spectrum from one 
end to the other. 

Sandwiched in among all these services are 
the amateurs, the largest service of all. Thou- 
sands of their signals may be heard every night 
in the various bands set apart by international 
treaty for their use. 


e1-2 THE AMATEUR BANDS 


Many factors must be considered in picking 
the proper band for a certain job from among 
the several bands devoted to amateur opera- 
tion. The distance to be covered enters into it, 
as well as the time of day when communication 
is desired. In addition to daily changes there 
are seasonal changes, and also a long-time 
change in atmospheric conditions which seems 
to coincide with the 11-year cycle of sun-spot or 
solar activity. The reliability of communication 
on a given frequency at a given time of day, the 
suitability of a given band for traffic or DX, 
the desires of the individual amateur in choos- 
ing his circle of friends with whom he expects 


to make contact on schedule, the amount of’ 


interference to be expected at certain hours, 
and the time of day available for operating — 
all influence the choice of an operating fre- 
quency. 

The 1750-kc. band, which carried all amateur 
activity before experimenters opened the way 


to each of the higher frequency bands in turn, 
has always served amateurs well for general 
contact between points all over the country. 
There was a short period, during the height of 
development of the higher frequencies, when 
activity in this band dwindled, but it is again 
active. 

The band is especially popular for radiotele- 
phone work. It is also being used extensively 
by organized c.w. nets. Code practice trans- 
missions are made in this band for beginning 
amateurs and many beginners may be heard in 
this region making their first two-way contact 
with each other. The band is one of our ‘‘ wid- 
est’? from the standpoint of the number of 
stations that may be comfortably accommo- 
dated. It is open to amateur facsimile and 
picture transmission. 

The 3500-kc. band has, in recent years, been 
regarded as best for all consistent domestic 
communication. It is good for coast-to-coast 
work at night all the year except for a few sum- 
mer months. It has been recommended for all 
amateur message-handling over medium dis- 
tances (1,000 miles, for example). Much of the 
friendly human contact between amateurs 
takes place in the 3500-ke. band. As the winter 
evening advances, the well-known ‘‘skip ef- 
fect’”’ (explained in detail in Chapter Nine) of 
the higher frequencies has made itself known, 
the increased range of the ‘‘sky wave”’ brings 
in signals from the other coast and the in- 
creased range also brings in more stations, so 
that the band appears busier. 

The 7000-kc. band has been the most popular 
band for general amateur work for years. It is 
useful mainly at night for contacts over con- 
siderable distances. Power output does not 
limit the range of a station to the same extent 
as when working on the lower frequency bands 
discussed above. However, the band is more 
handicapped by congestion in the early eve- 
nings and more subject to the vagaries of skip- 
effect and uncertain transmission conditions 
than are the lower frequency bands, but not to 
the same extent as the 14-Mc. band. The 7000- 
ke. band is satisfactory for working distances 
of several hundred miles in daylight. It is 
generally considered the most desirable night 
band for general DX work in spite of difficulties 
due to interference. 


CHAPTER ONE 7/4 


Ke Radio i naloun's Ji andiack 


The 14,000-ke. or 
14-Mc. band is the best 
frequency to use to 
cover great distances 
in daylight. In fact it 
is the only band gener- 
ally useful for daylight 
DX contacts (QSO’s) 
over coast-to-coast 
and greater distances. 
Communication over 
long distances will 
usually remain good 
during the early eve- 
nings and surprising 
results can be ob- 
tained then, too. Using 
these higher frequen- 
cies there is often dif- 
ficulty in talking with 
stations within three 
or four hundred miles, 
while greater distances 
than this (and very 
short distances within 
ten or twenty miles of 
a station) can be cov- 
ered with ease. The 
reason that 14-Mc. 
signals are less useful 
for general amateur 
DX late evenings is 
because the ‘‘skip”’ in- 
creases during dark- 
ness until the “sky 
wave’’ covers greater 
than earthly distances. 
The band, while one of 
the very best for the 
amateur interested in 
working foreign sta- 
tions, is subject to sud- 
den changes in trans- 
mitting conditions. 


Fig. 1— The Amateur 
Bands. Areas shaded with 
diagonal lines sloping 
down to left are open 
to c.w. telegraphy only. 
Areas with diagonal lines 
sloping to right are also 
open to amplitude- 
modulated telephony (as 
well as c.w.). Cross- 
hatched areas are open to 
frequency-modulated te- 
lephony (as well as ordi- 
nary “phone and c.w.). 

Note: For changes in 
these assignments as a re- 
sult of special temporary 
regulations promulgated 
by FCC in the interest of 
national defense, see Chap- 
ter Twenty-I'wo, section 
on amateur regulations. 
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The 28,000-kc. (28-Mc.) band combines both 
the long-distance characteristics of the 14-Me. 
band and some of the local advantages of the 
56-Me. band, but its remarkable long-distance 
characteristics have been the cause of its popu- 
larity. The band is by no means as reliable as 
those of lower frequency but the performance 
to be had on it has been quite satisfactory 
during the last few years. A well-defined sea- 
sonal effect produces much better conditions 
during the fall and spring than at other times 
of the year. Though the band was a barren 
waste a few years ago it is now, particularly 
during fall and spring, full of activity. It is the 
place where one can get by far the most miles 
per watt. 

The 56,000-kc. or 56-Mc. band is used largely 
for local and short-distance work over dis- 
tances of ten to fifty miles. Because of the 
compactness and ease of construction of the 
necessary apparatus, it has proved ideal for 
this purpose and many hundreds of stations 
operate “locally” there. Experiments with di- 
rective antennas by the technical staff of the 
ARRL beginning in 1934 disclosed that sur- 
prisingly consistent two-way contact could be 
maintained over distances of a hundred miles 
or more with suitable conditions and equip- 
ment, and such contacts are now common. 
The prospect of periodic ‘‘sky-wave’? DX 
work over several thousand miles on this band 
make it a prize one for the experimenter. 

The 112,000-kc. or 112-Mc. band is the new- 
est addition to the amateur spectrum, and is 
now the scene of widespread occupancy. Its 
characteristics insofar as local work is con- 
cerned are similar to 56 Mc. The fact that 
elementary transceivers can be used, without 
the stability requirements of the lower fre- 
quencies, makes the band especially attractive 
for mobile work and general short-range ac- 
tivity. Itis becoming an increasingly important 
member of the amateur family. 

As yet the 224-Mc. band and the experimen- 
tal region above 300 Me. are not used for 
general communication, but it is logical to 
expect increasing occupancy there in the fu- 
ture, as the trend of the radio art to the higher 
frequencies achieves headway. Experimenters 
are urged to investigate this region. 


el-3 MEMORIZING THE CODE 


There is nothing particularly difficult inci- 
dent to taking your place in the ranks of 
licensed amateurs. 

The first job you should tackle is the business 
of memorizing the code. This can be done while 
you are building your receiver. Thus, by the 
time the receiver is finished, you will know the 
characters for the alphabet and will be ready to 
practice receiving in order to acquire speed. 
Speed practice, either by means of a buzzer, or 


o = dit—dah 
dah-—dit—dit—dit 


dah-—dit-dah-dit 


mee dah-dit—dit 

e dit 

eoome = dit-dit-dah—dit 
ase dah-dah-dit 
oe 66 dit—dit—dit—dit 
es dit—dit 


dit—dah-—dah-—dah 


© om dah-dit—dah 
eommee dit—dah—dit—dit 
=_—_ dah—dah 

= @ dah-dit 

eo! EEE 


dah-dah-—dah 
dit—dah-—dah-—dit 
dah—dah-dit-—dah 


om @ _ dit-dah-dit 
eee dit—dit-—dit 

sare dah 

@ © am dit—dit—dah 
e@eem  dit—dit—dit-dah 
© cme mee dit-dah-dah 


== e@ @mm = (joh—dit—dit—dah 
dah-dit—dah-dah 


dah—dah-—dit—dit 
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Lo Oe ee oe dit-dah-dah-dah-dah 
2 © @ == m= mm dit—dit—dah-—dah-—dah 

3 ec oma dit—dit—dit-—dah-dah 

4 eccom dit—dit—dit—dit—dah 

5 eecce dit—dit—dit—dit—dit 

6 mmeeee dah-dit—dit—dit—dit 

7 imme @ @ dah—dah-dit—dit—dit 

8 mm oo © e dah—dah—dah-dit-—dit 

9 mm me © dah-—dah—dah-dah-dit 
QO me ee ee ee oe dah-dah-—dah-dah-dah 
Period _— sa 
Comma ae 
Question mark © © mm mm © 6 
Error eo0e02eeeece 
Double dash mee Om 
Wait oumm eee 


End of message 
Invitation to transmit 
End of work 


Fig. 2— The Continental Code. 
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Getting 


by listening in on your receiver, can be in- 
dulged in in odd moments while the trans- 
mitter, in turn, is being constructed. The net 
result of such an organized program should be 
that by the time the transmitter is finished you 
will be able to receive the thirteen words a 
minute required by the government for your 
amateur operator license, and can immediately 
proceed to study for the ‘‘theoretical” part of 
your license examination without loss of time. 

Memorizing the code is no task at all if you 
simply make up your mind to apply yourself 
to the job and get it over with as quickly as 
possible. The complete Continental alphabet, 
punctuation marks and numerals are shown in 
the table given here. The alphabet and all the 
numerals should be learned. Start by memoriz- 
ing the alphabet, forgetting the numerals and 
punctuation marks for the present. Various 
good systems for learning the code have been 
devised. They are of undoubted value but the 
job is a very simple one and usually can be ac- 
complished easily by taking the first five let- 
ters, memorizing them, then the next five, and 
so on. As you progress you should review all 
the letters learned up to that time, of course. 
When you have memorized the alphabet you 
can go to the numerals, which will come very 
quickly since you can see that they follow a 
definite system. The punctuation marks wind 
up the schedule. 

One suggestion: Learn to think of the letters 
in terms of sound rather than their appearance 
as they are printed. Don’t think of A as ‘‘dot- 
dash”’ but think of it as the sound ‘‘dit-dah.”’ 
B, of course, is ‘‘dah-dit-dit-dit,’”’ C, ‘‘dah-dit- 
dah-dit’”’ and so on. 

Even better will be listening to the charac- 
ters as they are sent on a buzzer or code prac- 
tice oscillator, if someone can be found to send 
to you. Learning the code is like learning a new 
language, and the sooner you learn to under- 
stand the language without mental ‘‘transla- 
tion”’ the easier it will be for you. 

Don’t think about speed yet. Your first job 
is simply to memorize all the characters and 
make sure you know them without hesitation. 


el-4 ACQUIRING SPEED BY BUZZER 
PRACTICE 


When the code is thoroughly memorized, you 
can start to develop speed in receiving code 
transmission. Perhaps the best way to do this 
is to have two people learn the code together 
and send to each other by means of a buzzer- 
and-key outfit. An advantage of this system is 
that it develops sending ability, too, for the 
person doing the receiving will be quick to 
criticize uneven or indistinct sending. If pos- 
sible, it is a good idea to get the aid of an ex- 
perienced operator for the first few sessions, so 
you will know how well-sent characters sound. 
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The diagram shows the connections for a 
buzzer-practice set. When buying the key it is 
a good idea to get one that will be suitable for 
use later; this will save you money. 

Another good practice set for two people 
learning the code together is that using a 


lo Two Dry Cells ws 
By in Series Conneci 





Fig. 3 — Circuit of a buzzer code practice set. The 
headphones are connected across the coils of the buzzer 
with a condenser in series. The size of this condenser 
determines the strength of the signal in the ’phones. If 
the value shown gives an excessively loud signal, it may 
be reduced to 500 yufd. or even 250 uyfd. 


vacuum-tube audio oscillator. The parts re- 
quired are: a pair of ’phones, key, type 1G4G 
tube, an old audio transformer, 
grid leak and condenser, tube 
socket, No. 6 dry cell and 
2214-volt B battery. If noth- 
ing is heard in the ’phones 
when the key is depressed, re- 
verse the leads going to either 
transformer winding. Revers- 
ing both sets of leads will have 
no effect. 

Hither the buzzer set or the 
audio oscillator described will 
give satisfactory results. The 
advantage of an audio oscil- 
lator over the buzzer set is 
that it gives a good signal in 
the ’phones without making 
any noise in the room, and also produces a 
tone more closely simulating actual radio sig- 
nals. 


*B” BAT. 


“A’ BAT 
1.5 VOLTS 





ull 
Phones 22.5. 


Fig. 4 — Wiring diagram of a simple audio oscillator 
for use as a code practice set. 
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After the practice set has been built, and 
another operator’s help secured, practice send- 
ing turn and turn about to each other. Send 
single letters at first, the listener learning to 
recognize each character quickly, without hesi- 
tation. Following this, start slow sending of 
complete words and sentences, always trying 
to have the material sent at just a little faster 
rate than you can copy easily; this speeds up 
your mind. Write down each letter you recog- 
nize. Do not try to write down the dots and 
dashes; write down the letters. Don’t stop to 
compare the sounds of different letters, or 
think too long about a letter or word that has 
been missed. Go right on to the next one or 
each ‘‘miss” will cause you to lose several 
characters you might otherwise have gotten. 
If you exercise a little patience you will soon be 
getting every character, and in a surprisingly 
short time will be receiving at a good rate of 
speed. When you think you can receive 13 
words a minute (65 letters a minute) have the 
sender transmit code groups rather than 
straight English text. This will prevent you 
from recognizing a word ‘‘on the way” and 
filling it in before you’ve really listened to the 
letters themselves. 

After you have acquired a reasonable degree 
of proficiency concentrate on the less common 
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Fig. 5 — Layout of the audio-oscillator code practice 
set. All parts can be screwed onto a wooden baseboard 
approximately 5 x 7 inches. 


characters, as well as the numerals and punc- 
tuation marks. These prove the downfall of 
many applicants taking the code examination 
under the handicap of nervous stress. 


el-5 LEARNING BY LISTENING 

While it is best to get the help of another 
person in sending to you while you are acquir- 
ing code-speed, it is not always possible to do 
so, and some other method of acquiring speed 
must be resorted to. Under such circumstances, 
the time-honored system is to ‘‘learn by listen- 
ing”? on your short-wave receiver. W1AW 
sends nightly code practice transmissions at 


various speeds beginning at 15 w.p.m. The 
latest issue of QST contains schedules. With 
even the simplest short-wave receivers a num- 
ber of high-power stations can be heard. It 
is usually possible to pick a station going at 
about the desired speed for code practice. 
Listen to see if you cannot recognize some in- 
dividual letters. Write down the letters as you 
hear them. Try to copy as many letters as you 
can. 

Whenever you hear a letter that you know, 
write it down. Keep everlastingly at it. Twenty 
minutes or half an hour is long enough for one 
session. This practice may be repeated several 
times a day. Don’t become discouraged. Soon 
you will copy without missing so many letters. 
Then you will begin to get calls, which are 
repeated several times, and whole words like 
“and” and ‘‘the.” After words will come 
sentences. You now know the code and your 
speed will improve slowly with practice. 

In “learning by listening” try to pick sta- 
tions sending slightly faster than your limit. 
In writing, try to make the separation between 
words definite. Try to ‘‘read”’ the whole of 
short words before starting to write them down. 
Do the writing while listening to the first 
part of the next word. Practice and patience 
will soon make it easy to listen and write 
at the same time. Good operators usually 
copy several words ‘‘behind”’ the incoming sig- 
nals. 

A word of caution: the U. 8. radio communi- 
cation laws prescribe heavy penalties for di- 
vulging the contents of any radiogram to other 
than the addressee. You may copy anything 
you hear in the amateur bands for practice 
but you must preserve its secrecy. 


@1-6 VOLUNTEER CODE PRACTICE 
STATIONS 


Each fall and winter season the ARRL 
solicits volunteers, amateurs using code only 
or often a combination of voice and code trans- 
mission, who send transmissions especially 
calculated to assist beginners. These transmis- 
sions go on the air at specified hours on certain 
days of the week and may be picked up within 
a radius of several hundred miles under favora- 
ble conditions. Words and sentences are sent 
at different speeds and repeated by voice, or 
checked by mail for correctness if you write the 
stations making the transmissions and enclose 
a stamped, addressed envelope for reply. 

The schedules of the score or more volunteer 
code-practice stations are listed regularly in 
QST during the fall and winter. Information at 
other times may be secured by writing League 
headquarters. Some of the stations have been 
highly successful in reaching both coasts with 
code-practice transmissions from the central 
part of the country. 


Getting Sherbed 


@1-7 INTERPRETING WHAT YOU 
HEAR 


As soon as you finish your receiver and hook 
it up you will begin to pick up different high- 
frequency stations, some of them perhaps in 
the bands of frequency assigned to amateurs, 
others perhaps commercial stations belonging 
to different services. The loudest signals will 
not necessarily be those from near-by stations. 
Depending on transmitting conditions which 
vary with the frequency, the distance and the 
time of day, remote stations may or may not 
be louder than relatively near-by stations. 

The first letters you identify probably will 
be the call signals identifying the stations 
called and the calling stations, if the stations 
are in the amateur bands. Station calls are 
assigned by the government, prefixed by a 
letter (W in the United States, VE in Canada, 
G in England, etc.) indicating the country. In 
this country amateur calls will be made up 
of such combinations as W8CMP, W1KH, 
W1AW, etc., the number indicating the ama- 
teur call area and giving a general idea of the 
part of the country in which the station heard 
is located. The reader is referred to the chapter 
on ‘‘Operating a Station” for complete infor- 
mation on the procedure amateurs use in call- 
ing, handling messages, and the like. Many 
abbreviations are used which will be made 
clear by reference to the tables of Q Code, mis- 
cellaneous abbreviations, and ‘‘ham”’ abbrevi- 
ations included in the Appendix. The table of 
international prefixes, also in the back of the 
book, will help to identify the country where 
amateur and commercial stations are located. 


@1-3 USING A KEY 


The correct way to grasp the key is impor- 
tant. The knob of the key should be about 
eighteen inches from the edge of the operating 
table and about on a line with the operator’s 
right shoulder, allowing room for the elbow to 
rest on the table. A table about thirty inches in 
height is best. The spring tension of the key 
varies with different operators. A fairly heavy 
spring at the start is desirable. The back ad- 
justment of the key should be changed until 
there is a vertical movement of about one- 
sixteenth inch at the knob. After an operator 
has mastered the use of the hand key the ten- 
sion should be changed and can be reduced to 
the minimum spring tension that will cause the 
key to open immediately when the pressure is 


released. More spring tension than necessary 


causes the expenditure of unnecessary energy. 
The contacts should be spaced by the rear 
screw on the key only and not by allowing 
play in the side screws, which are provided 
merely for aligning the contact points. These 
side screws should be screwed up to a setting 
which prevents appreciable side play but not 
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adjusted so tightly that binding is caused. The 
gap between the contacts should always be at 
least a thirty-second of an inch, since a too- 
finely spaced contact will cultivate a nervous 
style of sending which is highly undesirable. 
On the other hand too-wide spacing (much 
over one-sixteenth inch) may result in unduly 
heavy or ‘‘muddy”’ sending. 

Do not hold the key tightly. Let the hand 
rest lightly on the key. The thumb should be 





Fig. 6 — Illustrating the correct position of the hand 
and fingers in using a telegraph key. 


against the left side of the key. The first and 
second fingers should be bent a little. They 
should hold the middle and right sides of the 
knob, respectively. The fingers are partly on 
top and partly over the side of the knob. The 
other two fingers should be free of the key. Fig. 
6 shows the correct way to hold a key. 

A wrist motion should be used in sending. 
The whole arm should not be used. One should 
not send ‘‘nervously”’ but with a steady flexing 
of the wrist. The grasp on the key should be 
firm, not tight, or jerky sending will result. 
None of the muscles should be tense but they 
should all be under control. The arm should 
rest lightly on the operating table with the 
wrist held above the table. An up-and-down 
motion without any sideways action is best. 
The fingers should never leave the key knob. 


e1-9 SENDING 


Good sending seems easier than receiving, 
but don’t be deceived. A beginner should not 
send fast. Keep your transmitting speed down 
to the receiving speed, and bend your efforts 
to sending well. 

When sending do not try to speed things up 
too soon. A slow, even rate of sending is the 
mark of a good operator. Speed will come with 
time alone. Leave special types of keys alone 
until you have mastered the knack of properly 
handling the standard-type telegraph key. 
Because radio transmissions are seldom free 
from interference, a ‘‘heavier”’ style of sending 
is best to develop for radio work. A rugged 
key of heavy construction will help in this. 


@1-10 OBTAINING GOVERNMENT 
LICENSES 


When you are able to copy 13 words per 
minute, have studied basic transmitter theory 
and familiarized yourself with the radio law 
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and amateur regulations, you are ready to give 
serious thought to securing the government 
combination amateur operator-station license 
which is issued you, after examination, through 
the Federal Communications Commission, at 
Washington, D. C. 

Because a discussion of license application 
procedure, license renewal and modification, 
exemptions, and detailed information on the 
nature and scope of the license examination 
involve more detailed treatment than it is 
possible to give within the limitations of this 
chapter, it has been made the subject of a 
special booklet published by the League, and 
at this point the beginning amateur should 
possess himself of a copy and settle down to a 
study of its pages in order to familiarize him- 
self with the intricacies of the law and prepare 
himself for his test. The booklet, ‘‘The Radio 
Amateur’s License Manual,’ may be obtained 
from ARRL headquarters for 25¢ postpaid. 
One of the most valuable features of this book 
is its representative examination questions with 
their correct answers. 

While no government licenses are necessary 
to operate receivers in the United States, you 
positively must have the required amateur 
licenses before doing sending of any kind with 
a transmitter. This license requirement applies 
for any kind of transmitter on any wavelength. 
Attempts to engage in transmitting operation 
of any kind, without holding licenses, will in- 
evitably lead to arrest, and fine or prison. 

Amateur licenses are free, but are issued only 
to citizens of the United States; this applies 
both to the station authorization and the 
operator’s personal license, with the further 
provision in the station license that it will not 
be issued where the apparatus is to be located 
on premises controlled by an alien. But the re- 
quirement of citizenship is the only limitation, 
and amateur licenses are issued without regard 
to agé or physical condition to anyone who 
successfully completes the examination. 

Persons who would like to operate at ama- 
teur stations, but do not have their own sta- 
tion as yet, may obtain an amateur operator 
license without being obliged to take out a 
station license. But no one may take out the 
station license alone; all those wishing station 
licenses must also take out operator licenses. 

Extracts from the basic Communications 
Act and the amateur regulations current at 
the time this Handbook went to press will be 
found in Chapter Twenty-Two. 


CHAPTER TWO 


Si eee ees Kadio fe hone aed 


@2-] FUNDAMENTALS OF A RADIO 
SYSTEM 
Tue Basis of radio communication 
is the transmission of electromagnetic waves 
through space. The production of suitable 
waves constitutes radio transmission, and their 
detection, or conversion at a distant point into 
the intelligence put into them at the originat- 
ing point, is radio reception. There are several 
distinct processes involved in the complete 
chain. At the transmitting point, it is necessary 
first to generate power in such form that when 
it is applied to an appropriate radiator, called 
the antenna, it will be sent off into space in 
electromagnetic waves. The message to be 
conveyed must be superimposed on that power 
by suitable means, a process called modulation. 
As the waves spread outward from the 
transmitter they rapidly become weaker, -so 
at the receiving point an antenna is again used 
to abstract as much energy as possible from 
them as they pass. The wave energy is trans- 
formed into an electric current which is then 
amplified, or increased in amplitude, to a 
suitable value. Then the modulation is changed 
back into the form it originally had at the trans- 
mitter. Thus the message becomes intelligible. 
Since all these processes are performed by 
electrical means, a knowledge of the basic 
principles of electricity is necessary to under- 
stand them. These essential principles are the 
subject of the present chapter. 


@2-2 THE NATURE OF ELECTRICITY 


Electrons— All matter — solids, liquids 
and gases — is made up of fundamental units 
called molecules. The molecule, the smallest 
subdivision of a substance retaining all its 
characteristic properties, is constructed of 
atoms of the elements comprising the substance. 

Atoms in turn are made up of particles, or 
charges, of electricity, and atoms differ from 
each other chiefly in the number and arrange- 
ment of these charges. The atom has a nu- 


cleus containing both positive and negative 


charges, with the positive predominating so 
that the nature of the nucleus is positive. 
The charges in the nucleus are closely bound 
together. Exterior to the nucleus are negative 
charges — electrons — some of which are not 
so closely bound and can be made to leave the 
vicinity of the nucleus without too much urg- 


ing. These electrons whirl around the nucleus 
like the planets around the sun, and their orbits 
are not random paths but geometrically- 
regular ones determined by the charges on the 
nucleus and the number of electrons. Ordinarily 
the atom is electrically neutral, the outer nega- 
tive electrons balancing the positive nucleus, 
but when something disturbs this balance 
electrical activity becomes evident, and it is 
the study of what happens in this unbalanced 
condition that makes up electrical theory. 

Insulators and Conductors — Materials 
which will readily give up an electron are called 
conductors, while those in which all the elec- 
trons are firmly bound in the atom are called 
insulators. Most metals are good conductors, 
as are also acid or salt solutions. Among the 
insulators are such substances as wood, hard 
rubber, bakelite, quartz, glass, porcelain, tex- 
tiles, and many other non-metallic materials. 

Resistance — No substance is a perfect con- 
ductor —a “perfect”? conductor would be 
one in which an electron could be detached 
from the atom without the expenditure of 
energy — and there is also no such thing as a 
perfect insulator. The measure of the difficulty 
in moving an electron by electrical means is 
called resistance. Good conductors have low re- 
sistance, good insulators very high resistance. 
Between the two are materials which are 
neither good conductors nor good insulators, 
but they are nonetheless useful since there is 
often need for intermediate values of resistance 
in electrical circuits. 

Circuits — A circuit is simply a complete 
path along which electrons can transmit their 
charges. There will normally be a source of 
energy (a battery, for instance) and a load or 
portion of the circuit where the current is made 
to do useful work. There must be an unbroken 
path through which the electrons can transmit 
their charges, with the source of energy acting 
as an electron pump and sending them around 
the circuit. The circuit is said to be open when 
no charges can move, due to a break in the 
path. It is closed when no break exists — when 
switches are closed and all connections are 
properly made. 


@2-3 STATIC ELECTRICITY 


The electric charge — Many materials that 
have a high resistance can be made to acquire 
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a charge (surplus or deficiency of electrons) 
by mechanical means such as friction. The fa- 
miliar crackling when a hard-rubber comb is 
run through hair on a dry winter day is an 
example of an electric charge generated by 
friction. Objects can have either a surplus or a 
deficiency of electrons — it is called a negative 
charge if there is a surplus of electrons; a 
positive charge if there is a lack of them. As 
with all things in nature, there must always be 
a balance, and for every negative charge there 
will be found a similar positive charge, since 
each electron that leaves an atom to form a 
negative charge leaves the rest of the atom 
with a positive charge. The kind of charge is 
called polarity, a negative charge constituting 
a negative pole, a positive charge being a posi- 
tive pole. 

Attraction and repulsion — Unlike charges 
(one positive, one negative) exert an attraction 
on each other. This can be demonstrated by 
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Fig. 201 — Attraction and repulsion of charged ob- 
jects, as shown by the pith-ball experiment. 


giving equal but opposite charges to two very 
light objects of insulating material (pith balls 
are used in the classical experiment) and sus- 
pending them near each other. They will be 
drawn toward each other, and if they touch the 
charges will neutralize, leaving both objects 
without charge. Charges of the same type, how- 
ever, repel each other, and a similar experiment 
with like-charged objects will show them tend- 
ing to swing apart. 

Electrostatic field — From the foregoing it 
is evident that an electric charge can exert a 
force through the space surrounding the 
charged object. The region in which this force 
is exerted is considered to be pervaded by the 
electrostatic field, this concept of a field being 
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Fig. 202 — Lines of force from a charged object ex- 
tend outward radially. Although only two dimensions 
are shown, the field extends in all directions from the 
charge, and the field should be visualized in three di- 
mensions. 
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adopted to explain the ‘“‘action at a distance” 
of the charge. The field is assumed to consist 
of lenes of force originating on the charge and 
spreading in all directions. The number of 
lines of force per unit area is a measure of the 
intensity of the field. 

Potential difference — If two objects are 
charged differently, a potential difference is 
said to exist between them, and this difference 
is measured by an electrical unit called the 
volt. The greater the potential difference, the 
higher (numerically) the voltage. This poten- 
tial difference or voltage exerts an electrical 
pressure or force as explained above, and for 
this reason it is often called electromotive force 
or, simply, e.m.f. It is not necessary to have 
unlike charges to have a difference of potential; 
both, for instance, may be negative so long as 
one charge is more intense than the other. 
From the viewpoint of the stronger charge, 
the weaker one appears to be positive in such 
a case, since it has a smaller number of excess 
electrons, in other words, its relative polarity 
is positive. The greater the potential difference 
the more intense is the electrostatic field be- 
tween the two charged objects. 

Capacity — If two metal plates are sepa- 
rated a short distance by a high-resistance ma- 
terial, such as glass, mica, oil or air, it will be 
found that the two plates can be given a charge 
by, connecting them to a source of. potential 
difference. Such a device is called a condenser, 
and the insulating material between the metal 
plates is called the dielectric. The potential 
difference, or voltage, of the charge will be 
equal to that of the source. The quantity of the 
charge will depend upon the voltage of the 
charging source and the capacity of the con- 
denser. The value of capacity of a condenser 
is a constant depending upon the physical di- 
mensions, increasing with the area of the 
plates and the thinness and dielectric constant 
of the insulating material in between. The 
dielectric constant of air is 1, while for other 
insulating materials it is usually higher. Glass, 
for instance, has a dielectric constant of about 
4; this means, simply, that if glass is sub- 
stituted for air as the dielectric in an other- 
wise identical condenser, the capacity of the 
condenser will be four times as great. 

Capacity is measured in farads, a unit much 
too large for practical purposes, and in radio 
work the terms microfarad (abbreviated ufd.) 
and micro-microfarad (upfd.) are used. The 
microfarad is one-millionth of a farad, and the 
micro-microfarad is one-millionth of a micro- 
farad. 

The electrical energy in a charged condenser 
is considered to be stored in much the same 
way that mechanical energy is stored in a 
stretched spring or rubber band. Whereas the 
mechanical energy in the spring can be stored 
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because of the elasticity of the material, the 
electrical energy in a condenser is stored in 
the electrostatic field between the plates. 
Condensers — The construction of a con- 
denser is determined by the use for which it is 
intended. Where the capacity must be con- 
tinuously adjustable, as in tuning radio circuits, 
sets of interleaved metal vanes are used with 
air as the dielectric. In high capacity units 


Dielectric 





7o source of 
€./71.7. 


St ymbols 


Fig. 203 — A simple type of condenser, consisting of 
two metal plates with dielectric material between. The 
diagrammatic symbols for condensers are shown at the 
right. The two at the top indicate condensers of fixed 
capacity, the two below, condensers whose capacity is 
variable. The symbols in the left hand column are more 
commonly used. 


where adjustment is not required, the dielectric 
may be thin paper or mica. The choice of a die- 
lectric and its thickness is determined by the 
capacity desired, the voltage for which the 
condenser is intended and, in many cases, by 
the losses in the dielectric, since the electrical 
stress caused by the electrostatic field is ac- 
companied by consumption of energy which 
appears as a heating effect in the dielectric. 


e@2-4 THE ELECTRIC CURRENT 


Conduction — If a difference of potential 
exists across the ends of a conductor (by con- 
necting the conductor — usually a wire — to 
a battery or generator or other source of volt- 
age) there will be a continuous drift of electrons 
from atom to atom, and an electrical current 
is said to be flowing. The individual electrons 
do not streak from one end of the conductor to 
the other but the action is rather like a “‘ bucket 
brigade”’ where, instead of firemen handing 
buckets down the line, atoms pass electrons 





Fig. 204 — Electrolytic conduction. When an e.m.f. 
is applied to the electrodes, negative ions are attracted 
to the positively charged plate and positive ions to the 
negatively charged plate. The battery is indicated by 
its customary symbol. 


ELidbtcal and Radio Dadeientals 


down the line of the conductor. The current, 
or total effect of the electron drift, travels 
quite fast, close to the speed of light, but the 
electrons themselves move only a_ short 
distance. 

The current is measured in amperes, and a 
current of one ampere represents nearly 1019 
(ten million, million, million) electrons flowing 
past a point in one second. On more familiar 
ground, the current which flows through an 
ordinary 60-watt lamp is approximately one- 
half ampere. 

Gaseous conduction (ionization) — All 
conduction does not necessarily take place in 
solid conductors. If a glass tube is fitted with 
metal plates at each end, and filled with a gas 
or even ordinary air (which is a mixture of 
gases) at reduced pressure, an electric current 
may be passed through the gas if a high enough 
voltage is applied across the metal terminals. 
When the voltage is applied across the tube, 
the positively charged plate attracts a few 
electrons, which acquire considerable velocity 
because of the electric charge and the fact that 
the reduced pressure in the tube (less gas) per- 
mits the electrons to travel farther before 
colliding with a gas atom. When one does 
collide with an atom, it knocks off an outer 
electron of the gas atom and this electron also 
joins the procession towards the positive 
plate, knocking off more electrons from other 
atoms as it goes. The atoms that have had an 
electron or two knocked off are no longer true 
atoms but zons, and since they have a positive 
charge (due to the electron deficiency) they 
are called ‘‘positive ions.” These positive ions, 
being heavier than the electrons, travel more 
slowly towards the negative plate, where they 
acquire electrons and become neutral atoms 
again. The net result is a flow of electrons, 
and hence of current, from negative plate 
(called the cathode) to positive plate (anode). 

Current flow in liquids— A very large 
number of chemical compounds have the pe- 
culiar characteristic that when they are put 
into solution the component parts become 
ionized. For example, common table salt or 
sodium chloride, each molecule of which is 
made up of one atom of sodium and one of 
chlorine, will, when put into water, break down 
into a sodium ion (positive, with one electron 
deficient) and a chlorine ion (negative, with 
one excess electron). This can only occur so 
long as the salt is in solution — take away the 
water and the ions are recombined into the 
neutral sodium chloride. This spontaneous 
disassociation in solution is another form of 
ionization, and if two wires with a difference 
of potential across them are placed in the solu- 
tion, the negative wire will attract the positive 
sodium ions and the positive wire will attract 
the negative chlorine ions, and a current will 


CHAPTER Two 29 


hy Radio Satie’ Handioah 


flow through the solution. When the ions reach 
the wires the electron surplus or deficiency will 
be remedied, and a neutral atom will be formed. 
The energy supplied by the source of potential 
difference is used to move the ions through the 
liquid and to supply or remove electrons. This 
type of current flow is called electrolytic con- 
duction. 

Batteries — All batteries depend upon chem- 
ical action for the generation of a potential 
difference across their terminals. The common 
dry cell (which will not work when completely 
dry) depends upon zinc ions (the metal case 
of a dry cell is the zine plate) with a positive 
charge going into solution and leaving the 
zine plate strongly negative. The electrical 
energy is derived from the chemical energy, 
and in time the zine will be used up or worn 
away. However, in lead storage batteries, such 
as are used in automobiles for starting, the 
electrical energy is stored by chemical means 
and entails no destruction of the battery ma- 
terials. The water that must be replaced from 
time to time is lost by evaporation. 

It might be pointed out here that the term 
“battery”’ is used correctly only when speak- 
ing of more than one cell — a single cell is not 
a battery, but two or more connected together 
become a battery. 

Current flow in vacuum — If a suitable 
metallic conductor, such as tungsten or oxide- 
coated or thoriated tungsten, is heated to a 
high temperature in a vacuum, electrons will 
be emitted from the surface. The electrons are 

Direction ae 
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Fig. 205 — Illustrating conduction by thermionic 
emission of electrons in a vacuum tube. One battery is 
used only to heat the filament to a temperature where 
it will emit electrons. The other battery places a positive 
potential on the plate, with respect to the filament, and 
the electrons are attracted to the plate. The flow of 
electrons completes the electrical path, and current 
flows in the plate circuit. 


freed from this filament or cathode because it 
has been heated to a temperature that acti- 
vates them sufficiently to allow them to break 
away from the surface. The process is called 
thermionic electron emission. Now if a metal 
plate is placed in the vacuum tube and given a 
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positive charge by connecting a battery be- 
tween plate and cathode, this plate or anode 
will attract a number of the electrons that sur- - 
round the cathode. The passage of the elec- 
trons from cathode to anode constitutes an 
electric current. All thermionic vacuum tubes 
depend for their operation on the emission of 
electrons from a hot cathode. 

Direction of current flow — Use was being 
made of electricity for a long time before its 
electronic nature was understood, and while it 
is now clear that current flow is a drift of nega- 
tive electrical charges or electrons toward a 
positive potential, in the era preceding the 
electron theory it was assumed that the cur- 
rent flowed from the point of higher positive 
potential to a point of lower (i.e., less positive 
or more negative) potential. While this as- 
sumption turned out to be wholly wrong, it is 
still customary to speak of current as flowing 
‘from positive to negative” in many applica- 
tions. The practice often causes confusion, but 
this distinction between ‘‘current”’ flow and 
“electron”? flow often must be taken into 
account. If electron flow is specifically men- 
tioned there is of course no doubt as to the 
meaning, but when the direction of current 
flow is specified it may be taken, by convention, 
as being opposite to the true direction. 


@2-5 ELECTROMAGNETISM 


The magnetic field — The power that a bar 
or horseshoe magnet possesses of attracting 
small pieces of iron to itself is known to every- 
one. As in the case of electrostatic attraction 
(§ 2-8) the concept of a field of magnetic force 
is adopted to explain the magnetic action. The 
field is made up of lines of magnetic force, the 
number of which per unit area determine the 
strength of the field. 

A moving electron generates a magnetic field 
of exactly the same nature as that existing 
about a permanent magnet. Since a moving 
electron, or group of electrons moving together, 
constitutes an electric current, it follows that 
the flow of current is accompanied by the crea- 
tion of a magnetic field. 

Conversely, when a conductor is moved 
through a magnetic field (or the field is moved 
past the conductor) electrons in the conductor 
are forced to move, producing a current. An 
electric current generates a magnetic field about tt 
and, conversely, an electric current 1s generated 
by a magnetic field moving (or changing) past the 
conductor. 

When a conductor carrying a current is 
placed in a magnetic field, a force is exerted 
on the wire which tends to move it in a direc- 
tion determined by the relative directions of 
the flux lines of the external field and that set 
up by the current flow in the wire. This is a 
corollary of the fact that a current is induced 
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in a wire moving in a magnetic field, and is 
the principle used in the electric motor. 
Magnetomotive force— When the con- 
ductor is a wire, the lines of force are in the 
form of concentric circles around the conductor 
and lie in planes at right angles to the axis of 
the conductor. The magnetic field constituted 
by these lines of force exists only when current 
is flowing through the wire. When the current 


Fig. 206 — When- 
ever current passes 
through a wire, a 
magnetic field exists 
around the wire. 
Its direction can be 
traced by means of a 
small compass. 





is started through the wire, we may visualize 
the magnetic field as coming into being and 
sweeping outward from the axis of the wire. 
On cessation of current flow, the field collapses 
toward the wire and disappears. Thus energy 1s 
alternately stored in the field and returned to the 
wire. When a conductor is wound into the form 
of a coil of many turns, the magnetic field be- 
comes stronger because there are more lines of 
force. The force is expressed in terms of mag- 
neto-motive force (m.m.f.) which depends on the 
number of turns of wire, the size of the coil and 
the amount of current flowing through it. The 
same magnetizing effect can be secured with a 
great many turns and a weak current or with 
few turns and a strong current. If 10 amperes 
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Fig. 207 — When the conducting wire is coiled, the 
individual magnetic fields of each turn are in such a 
direction as to produce a field similar to that of a bar 
magnet. The schematic symbols for inductance are 
shown at the right. The symbols at the left in the top row 
indicates an iron-core inductance; at right, air core. 
Variable inductances are shown in the bottom row. 
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flow in one turn of wire, the magnetizing effect 
is 10 ampere-turns. Should one ampere flow in 
10 turns of wire, the magnetizing effect is also 
10 ampere-turns. 

Inductance — When a source of voltage is 
connected across a coil, the current does not 
immediately reach its final fixed value. The 
reason for this is that, as the current starts to 
flow through the coil, the magnetic field around 
the coil builds up, and as the field changes it 
induces a voltage back in the coil. The current 
caused by this induced voltage is always in the 
opposite direction to the current originally 
passed through the coil. Therefore, because of 
this property of self-induction, the coil tends 
constantly to oppose any change in the current 
flowing through it, and it takes an appreciable 
amount of time for the current to reach its 
normal value through the coil. The effect can 
be visualized as electrical inertia. After the cur- 
rent has come to a steady value, the self- 
inductance has no effect, and the current is 
only limited by the resistance of the wire in the 
coil. 

The inductance of a coil is measured in 
henrys or, when smaller units are more conven- 
ient, the millihenry (one thousandth of a henry) 
or microhenry (one-millionth of a henry). The 
inductance of a coil depends on several factors, 
chief of which are the number of turns, the 
cross-sectional area of the coil, and the material 
in the center of the coil, or core. A core of mag- 
netic material will greatly increase the in- 
ductance of a coil, just as certain dielectrics 
greatly increase the capacity of a condenser 
(§ 2-3). Even a straight wire has inductance, 
although small compared to that of a coil. 

The inductance of a straight wire of given 
length is less as the diameter of the wire is in- 
creased. In general, a conductor of large cross- 
sectional area, or large surface, will have less 
inductance than one of small area but having 
the same length. 

Magnetic circuits and units — Unlike elec- 
trostatic lines of force, magnetic lines of force 
must always be closed, forming circles or loops, 
so that the complete magnetic path of the lines 
of force must be considered in computing the 
effect of a magnetic core material on the in- 
ductance of a coil. The measure of the number 
of magnetic lines of force set up in a closed 
magnetic path or circuit through a given mate- 
rial for a specified applied m.m.f. is called the 
magnetic permeability of the material. It is ex- 
pressed as a ratio to the number of lines set up 
by the same coil with the same applied m.m.f. 
with air as the core material, air therefore being 
assigned a permeability of unity. If the mag- 
netic circuit is partly through a magnetic 
material and partly through a non-magnetic 
material (as in the case of a coil wound on a 
straight bar of iron, where part of the magnetic 
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path must be through air) the permeabilities 
of both mediums must be taken into account. 
Permeability corresponds to conductivity in 
conductors, and its reciprocal, reluctance, cor- 
responds to resistance. Magnetic flux density, or 
lines of force per unit area, is in the magnetic 
circuit equivalent to current in the electrical 
circuit, while’ the magnetomotive force is 
analogous to electromotive force or voltage. 


@2-6 FUNDAMENTAL RELATIONS 


Ohm’s law — The current in a conductor is 
determined by two things, the voltage across 
the conductor and the resistance of the con- 
ductor. The unit of resistance is the ohm, and, by 
definition, an e.m.f. of one volt will cause a 
current of one ampere to flow through a resist- 
ance of one ohm. Since the three quantities are 
interdependent, if we know the values of any 
two we can easily determine the third by the 
simple relation known as Ohm’s Law. When J 
is the current in amperes, E is the electromo- 
tive force in volts and R is the circuit resistance 
in ohms, the formulas of Ohm’s Law are: 


fa i= 


H=IRk 
I 


The resistance of the circuit can therefore be 
found by dividing the voltage by the current: the 
current can be found by dividing the voltage by 
the resistance: the electromotive force or e.m.f. is 
equal to the product of the resistance and the 
current. 

The resistance of any metallic conductor 
depends upon the material and its tempera- 

_ture, its cross-sectional area and the length of 
the conductor. When resistance is deliberately 
added to a circuit, as is often done to adjust 
voltages or limit current flow, the resistance is 
usually lumped in a single unit and the unit is 
called a resistor. 

Heating effect and power — When current 
passes through a conductor there is some 
molecular friction, and this friction generates 
heat. The heat generated is dependent only 
upon the current in the conductor, the re- 
sistance of the conductor and the time during 
which the current flows. The power used in 
heating (which may be considered sometimes 
as an undesired power loss) can be determined 
by substitution in the following equations: 


P= EI, 
or P = /?R, 
2 
P=— 
or 7 


P being the power in watts, H the e.m.f. in 
volts, and J the current in amperes. 

It will be noted that if the current in a 
resistor and the resistance value are known, we 
can readily find the power. Or if the voltage 
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across a resistance and the current through it 
are known, the product of volts and amperes 
will give the power. Knowing the value of a 
resistor (ohms) and the applied voltage across 
it, the power dissipated is given by the last 
formula. 

Likewise, when the power and resistance in a 
circuit are known, the voltage and current 
can be calculated by the following equations 
derived from the power formulas given above: 


E=-+/PR 


P 
r= 


Units — Besides the fundamental units — 
volt, ampere, watt — fractional and multiple 
units frequently are convenient. Thus a mil- 
liampere is 1/1000 ampere and a microampere 
is 1/1,000,000 ampere. Millivolt and microvolt 
are corresponding fractional units of the volt. 
The kilovolt also is a frequently used unit; it is 
equal to 1000 volts. Resistance is frequently 
expressed in megohms (1 megohm = 1,000,000 
ohms) and sometimes in kilohms (1000 ohms). 
Other units for power are the microwatt, milli- 
watt, and kilowatt, having equivalent mean- 
ings to those above. The watt-hour and kilo- 
watt-hour are energy units, representing the 
total energy consumed when it is delivered at a 
given power rate for a given period of time; 
the numerical values are equal to the product 
of power and time in the units named. 

Unless otherwise specified, formulas are al- 
ways given in terms of the fundamental units, 
so that fractional or multiple units must first 
be converted to the fundamental units before 
an equation can be used. 

Resistances in series and parallel — Re- 
sistors may be connected in series, in parallel 
or in series-parallel, as shown in Fig. 208. 
When two or more resistors are connected in 
series, the total resistance of the group is 


R, Ro Ray Ra 
B 





SERIES A 


PARALLEL 


: R7 
SERIES~ R 
PARALLEL 8 
Ro 
OB 


Fig. 208 — Diagrams of series, parallel and series- 
parallel resistance connections. 





higher than that of any of the units. Should 
two or more resistors be connected in parallel, 
the total resistance is decreased. Fig. 208 and 
the following formulas show how the value of a 
bank of resistors in series, parallel or series- 
parallel may be computed, the total resistance 
being that which appears between A and B in 
each case. 
Resistances in series: 


Total resistance = Ri + Ro + Rg + Ra 


Resistances in parallel: 
1 
] 1 1 


Ri | Ro Rs Rs 





- Total resistance = 


Or, in the case of only two resistances in 
parallel, 
Rik 


Total resistance = ————_— 
Ri + Re 


Resistances in series-parallel: 
Total resistance = 





it 1 Il 1 
Rit Ro Rg3t+ Rha Ret Re R7+ hg + Rg 


This means that in series-parallel circuits 
the various groups of series resistors should 
first be added, then each group treated as a 
single resistor, so that the formula for resist- 
ances in parallel can be used. 

Voltage dividers and potentiometers — 
Since the same current flows through resistors 
connected in series, it follows from Ohm’s 
Law that the voltage (termed voltage drop) 
across each resistor of a series-connected group 
is proportional to its resistance. Thus in Fig. 
209-A the voltage #; across Rj is equal to the 
applied voltage EH multiplied by the ratio of 
Ry to the total resistance, or 


Ri 





= Ri + Re + Rs . 
Similarly, the voltage EH, is equal to 
Ait he op 
Ri + Ro + Bz 


Such an arrangement is called a voltage divider. 
When current is drawn from the divider at the 





Fig. 209 — The voltage divider or potentiometer. 
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various tap points the above relations are no 
longer strictly true, since the same current does 
not flow in all parts of the divider. Design data 
for such cases are given in § 8-10. 

A similar arrangement is shown in Fig. 
209-B, where the total resistance R is equipped 
with a sliding tap for fine adjustment. Such a 
resistor is frequently called a potentiometer, al- 
though the word is not used in its original 
sense. 

Inductances in series and parallel — The 
formulas for the total inductance of a group of 
separate inductances connected in _ series, 
parallel, or series parallel are exactly the same 
as those given in the previous paragraph for 
resistances, provided only that the magnetic 
fields about the coils are not permitted to inter- 
act with each other. 

Condensers in series and parallel — The 
total capacity of a group of condensers con- 
nected in series, parallel or series parallel can 
be computed by formulas similar to those used 
for resistances and inductances, but with the 
series and parallel formulas interchanged. 
Thus, for condensers in parallel, 


Total capacity = Ci + Co + C3 + C4, ete. 
For condensers in series, 


Total capacity = <a iter ae a 


C1 Ks Co C3 C4 
or for two condensers in series 
CiC2 
Cy + C2 


With condensers in series parallel, first com- 
pute the resultant capacity of the condensers 
in series in each parallel branch, then add the 
capacities so found for the various branches. 

Time constant — When a condenser and 
resistor are connected in series with a source 
of e.m.f. such as a battery the initial flow of 
current into the condenser is limited by the 
resistance, so that a longer period of time is 
required to complete the charging of the con- 
denser than would be the case without the 
resistor. Likewise, when the condenser is dis- 
charged through a resistance, a measurable 
period of time is taken for the current flow to 
reach a negligible value. In the case of either 
charge or discharge the time required is pro- 
portional to the capacity and resistance, the 
product of which is called the time constant of 
the circuit. If C is in farads and R in ohms, or 
C in microfarads and R in megohms, this prod- 
uct gives the time in seconds required for the 
voltage across a discharging condenser to drop 
to 1/e or approximately 37% of its original 
value. (The constant e is the base of the 
natural series of logarithms.) 

A circuit containing inductance and: re- 
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Fig. 210 — Showing how the current in a circuit com- 
bining resistance with inductance or capacity takes a 
finite period of time to reach its steady-state value. 


sistance also has a time constant, for similar 
reasons. The time constant of an inductive 
circuit is equal to L/R, and when Lis in henrys 
and & in ohms gives the time in seconds re- 
quired for the current to reach 1-1 /e or approx- 
imately 63% of its final steady value when a 
constant voltage is applied to the circuit. 

Measuring instruments — Instruments for 
measuring d.c. current and voltage make use 
of the force acting on a coil carrying current in 
a magnetic field (§ 2-5), produced by a per- 
manent magnet, to move a pointer along a 
calibrated scale. All such instruments are 
therefore current operated, the current required 
for full-scale deflection of the pointer varying 
from several milliamperes to a few microam- 
peres according to the sensitivity required. If 
the instrument is to read high currents, it is 
shunted (paralleled) by a low resistance 
through which most of the current flows, leav- 
ing only enough flowing through the instru- 
ment to give a full scale deflection correspond- 
ing to the total current flowing through both 
meter and shunt. An instrument which reads 
microamperes is called a microammeter or 
galvanometer; one calibrated in milliamperes is 
called a milliammeter; one calibrated in am- 
peres is an ammeter. A voltmeter is simply a mil- 
liammeter with a high resistance in series so 
that the current will be limited to a suitable 
value when the instrument is connected across 
a voltage source; it is calibrated in terms of 
the voltage which must appear across the 
terminals to cause a given value of current to 
flow. The series resistance is called a multi- 
plier. A wattmeter is a combination voltmeter 
and ammeter in which the pointer deflection 
is proportional to the power in the circuit. 
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An ammeter or milliammeter is connected 
in series with the circuit in which current is 
being measured, so that the current flows 
through the instrument. A voltmeter is con- 
nected in parallel with the circuit. 


@2-7 ALTERNATING CURRENT 


Description — In self-induction the in- 
duced voltage always opposes the voltage 
causing the original current flow (§ 2-5). 
Similarly, if a closed wire is placed in an ex- 
panding magnetic field, the current induced 
in the wire by the changing field will flow in 
such a direction that the magnetic field set up 
in turn by this induced current opposes the 
field which originally caused it. Now if the 
original field is caused to collapse- (moving 
toward the wire instead of outward from it) 
the induced current will change its direction 
so that its field again will be in opposition to 
the original field. If the primary field regularly 
builds up and collapses the current will change 
direction correspondingly; in other words, it 
is an alternating current. Since current is only 
caused to flow by a changing magnetic field, it 
is easy to see why alternating currents are 
widely used; they are a natural result of the 
application of the principle of induction. 

The simplest form of alternating current (or 
voltage) is shown graphically in Fig. 211. This 
chart shows that the current starts at zero 
value, builds up to a maximum in one direc- 
tion, comes back down to zero, builds up to a 
maximum in the opposite direction and comes 
back to zero. The curve followed is described 
mathematically as a sine curve; its wavelike 
nature causes it to be known as a sine wave. 

Frequency — The complete wave shown in 
Fig. 211 is called a cycle, or period. Each half of 
the cycle, during which the current is flowing 
in one direction, although its strength is vary- 
ing, is known as an alternation. The number of 
cycles the wave goes through each second of 
time is called the frequency of the current. 
Frequencies vary from a few cycles per second 
for power line alternating currents to many 
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Fig. 211 — Representing sine-wave alternating cur- 
rent or voltage. 
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millions per second in radio circuits. For con- 
venience, two other units, the kzlocycle (1000 
cycles) and the megacycle (1,000,000 cycles) 
also are used. The abbreviations for these are 
ke. and Mce., respectively. 

Electrical degrees — If we take a fixed point 
on the periphery of a revolving wheel, we find 
that at the end of each revolution, or cycle, the 
point has come back to its original starting 
place. Its position at any instant can be ex- 
pressed in terms of the angle between two lines, 
one drawn from the center of the wheel to the 
point at the instant of time considered, the 
other drawn from the wheel center to the start- 
ing point. In making one complete revolution 
the point has travelled through 360 degrees, a 
half revolution 180 degrees, a quarter revolu- 
tion 90 degrees, and so on. The periodic wave 
of alternating current may be treated simi- 
larly, one complete cycle equalling one revo- 
lution or 360 degrees, one alternation (half 
cycle) 180 degrees, and so on. With the cycle 
divided up in this way, the sine curve simply 
means that the value of current at any instant 
is proportional to the sine of the angle which 
corresponds to the particular fraction of the 
cycle considered. 

The concept of angle is universally used in 
alternating currents. Generally, it is expressed 
in the fundamental form, using the radian 
rather than the degree as a unit, whence a 
cycle is equal to 27 radians, or a half cycle to 
a radians. The expression 27 f, for which the 
symbol w is often used, simply means electrical 
degrees per cycle times frequency, and is 
called the angular velocity. It gives the total 
number of electrical radians passed through by 
a current of given frequency in one second. 

Waveform, harmonics — The sine wave is 
not only the simplest but in many respects the 
most desirable waveform. Many other wave- 
forms are met with in practice, however, and 
they may differ considerably from the simple 
sine case. It is possible to show by analysis 
that any such waveform can be resolved into a 
number of components of differing frequencies 
and amplitudes, but related in frequency in 
such a way that all are integer multiples of 
the lowest frequency present. The lowest fre- 
quency is called the fundamental, and the 
multiple frequencies are called harmonics. Thus 
a wave may consist of fundamental, 3rd, 5th, 
and 7th harmonics, meaning, if the funda- 
mental frequency is say 100 cycles, that fre- 
quencies of 300, 500 and 700 cycles also are 
present in the wave. 

Effective, peak and average values — It 
is evident that both the voltage and current 
are Swinging continuously between their posi- 
tive maximum and negative maximum values, 
and it might be wondered how one can speak 
of so many amperes of alternating current 
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when the value is changing continuously. The 
problem is simplified in practical work by 
considering that an alternating current has an 
effective value of one ampere when it produces 
heat at the same average rate as one ampere of 
continuous direct current flowing through a given 
resistor. This effective value is the square root 
of the mean of all the instantaneous current 
values squared. For the sine-wave form, 
Bett = / Ex 

For this reason, the effective value of an alter- 
nating current, or voltage, is also known as the 
root-mean-square or r.m.s. value. Hence, the 
effective value is the square root of 14 or 0.707 
of the maximum value — practically consid- 
ered 70% of the maximum value. 

Another important value, involved where 
alternating current is rectified to direct current, 
is the average. This is simply the average of all 
instantaneous values in the wave, and for a 
sine wave is equal to 0.636 of the maximum 
(or peak) value of either current or voltage. 
The three terms maximum (or peak), effective 
(or r.m.s.) and average are encountered fre- 
quently in radio work. For the sine form they 
are related to each other as follows: 


Ervine ors Eett x 1.414 = Fave x Le 
Ett —— Emax x 0.707 = Hive x I. 1 i 
ave = Hmx X 0.636 = Hete X 0.9 


The relationships for current are the same as 
those given above for voltage. 

Phase — It has been mentioned that in a 
circuit containing inductance, the rise of cur- 
rent is delayed by the effect of electrical inertia 
presented by the inductance (§ 2-5). Both in- 
creases and decreases of current are similarly 
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Fig. 212 — Phase relationships between voltage and 
current in resistive and reactive circuits. The symbol at 
the left represents a generator. 
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delayed. It is also true that a current must 
flow into a condenser before its elements can 
be charged and so provide a voltage difference 
between its terminals. Because of these facts, 
we say that a current ‘‘lags’’ behind the volt- 
age in a circuit which has a preponderance of 
inductance and that the current ‘‘leads”’ the 
voltage in a circuit where capacity predomi- 
nates. Fig. 212.shows three possible conditions 
in an alternating current circuit. In the first, 
when the load is a pure resistance, both volt- 
age and current rise to the maximum values 
simultaneously. In this case the voltage and 
current are said to be im phase. In the second 
instance, the existence of inductance in the 
circuit has caused the current to lag behind the 
voltage. In the diagram, the current is lagging 
one quarter cycle behind the voltage. The cur- 
rent is therefore said to be 90 degrees out of 
phase with the voltage. In the third example, 
with a capacitive load, the voltage is lagging 
one quarter cycle behind the current. The 
phase difference is again 90 degrees. These, of 
course, are theoretical examples in which it is 
assumed ‘that the inductance and the con- 
denser have no resistance. Actually, the angle 
of lag or lead (phase angle) depends on the 
amounts of inductance, capacity and _ resist- 
ance in the circuit. 

The phase relationships between two cur- 
rents (or two voltages) of the same frequency 
are defined in the same way. When two such 
currents are combined the resultant is a single 
current of the same frequency, but having an 
instantaneous amplitude equal to the algebraic 
sum of the amplitudes of the two components 
at the same instant. The amplitude of the re- 
sultant current hence is determined by the 
phase relationship between the two currents 
before combination. Thus if the two currents 
are exactly in phase, the maximum value of 
the resultant will be the numerical sum of the 
maximum values of the individual currents; if 
they are 180 degrees out of phase, one reaches 
its positive maximum at the instant the other 
reaches its negative maximum, hence the re- 
sultant current is the difference between the 
two. In the latter case, if the two currents have 
the same amplitude the resultant current is 
zero. 

The a.c. spectrum — Alternating currents 
of different frequencies have different proper- 
ties and are useful in many varieties of ways. 
For the transmission of power to light lamps, 
run motors, and perform familiar everyday 
tasks by electrical means, low frequencies are 
most suitable. Frequencies of 25, 50 and 60 
cycles are in common use, the latter being 
most widespread. The range of frequencies be- 
tween about 30 and 15,000 cycles is known as 
the audio-frequencyrange, because when fre- 
quencies of this order are converted from a.c. 
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into air vibrations, as by a loudspeaker or 
telephone receiver, they are distinguishable as 
sounds, having a tone pitch proportional to 
the frequency. Frequencies between 15,000 
cycles (15 kilocycles) and about 1,000,000,000 
cycles (1000 megacycles) are used for radio 
communication, because with frequencies of 
this order it is possible to convert electrical 
energy into radio waves. The latter frequency 
is about the highest it is possible to generate at 
present, but does not necessarily represent the 
highest frequency that could be used for radio 
work. 

The a.c. spectrum is divided into the follow- 
ing approximate classifications for convenience 
in reference: 


15-15,000 cycles Audio frequencies 
15-100 kilocycles Low radio frequencies 
100-1500 kilocycles Medium radio frequencies 
1.5-6 megacycles Medium high frequencies 
6-30 megacycles High frequencies 
Above 30 megacycles Ultra-high frequencies 


e2-3 OHM’S LAW FOR ALTERNATING 
CURRENTS 

Resistance — Since current and voltage are 
always in phase through a resistance, the in- 
stantaneous relations are equivalent to those in 
direct-current circuits, and since by definition 
the units of current and voltage for a.c. are . 
made equal to those for d.c. in resistive cir- 
cuits, the various formulas expressing Ohm’s 
Law for d.c. circuits apply without any change 
for a.c. circuits containing resistance only, or 
for purely resistive parts of complex a.c. cir- 
cuits. The formulas are given in § 2-6. 

Reactance — In an a.c. circuit containing 
inductance or capacity, the current and volt- 
age are not in phase (§ 2-7) so that Ohm’s 
Law cannot be applied directly. The current 
is not limited by resistance, as in d.c. circuits, 
but by a quantity called reactance, which ex- 
presses the opposing effect of the voltage of 
self-induction (§ 2-5), in the case of an in- 
ductance, and the accumulation of charge in 
the case of a condenser. In circuits containing 
only reactance no energy is consumed, since 
the energy put into an inductance or capacity 
in one part of the cycle is stored in the electro- 
magnetic or electrostatic field and is returned 
to the circuit in another part of the cycle. 
Thus in a purely reactive circuit it is possible 
to have both high voltage and high current 
without the consumption of any power. Of 
course in practice there is always some re- 
sistance in the wire of an inductance, or heat- 
ing of the dielectric of a condenser, so that some 
energy may be lost, but it is usually negligible 
in well-designed components. 

Reactance is expressed in ohms, the same 
unit as for resistance, since with a given re- 
actance at a given frequency the current that 


\ 


will flow is proportional to the applied voltage. 
Hence, 


for a purely reactive circuit. X is the symbol 
for reactance. 

In circuits containing both resistance and 
reactance the values of each cannot be added 
directly because of the different phase relations. 

Inductive reactance — The greater the in- 
ductance of a coil, the greater is the effect of 
self-induction (§ 2-5), or the opposition to a 
change in the value of current, hence the higher 
the reactance. Also, the higher the frequency 
the greater the reactance, since the greater the 
rate of change of current the more opposition 
the coil offers to the change. Hence, inductive 
reactance is proportional to inductance and 
frequency, or 

Xp = rfL 


It will be recognized here that angular velocity, 
2xf (§ 2-7), expresses the rapidity with which 
the current changes. 

The fundamental units (ohms, cycles, 
henrys) must be used in the above equation, 
or appropriate factors inserted in case other 
units are employed. If inductance is in milli- 
henrys, frequency should be in kilocycles; if 
inductance is in microhenrys, frequency should 
be in megacycles, to bring the answer in ohms. 

Capacitive reactance — When a condenser 
is used in an a.c. circuit it is rapidly charged 
and discharged as the a.c. voltage rises and 
falls and reverses in polarity. This repetition 
of charge and discharge constitutes the flow 
of alternating current through the condenser. 
Since for a given voltage the energy stored in 
the condenser is fixed by its capacity (§ 2-3) 
it is obvious that the total amount of energy 
stored in the condenser (and subsequently 
restored to the circuit) in one second will be 
greater when the condenser is charged many 
times per second than when it is charged only 
a few times. Hence the current flow will be 
proportional to the frequency and to the ca- 
pacity of the condenser, or conversely the 
reactance will be inversely proportional to the 
frequency and the capacity. Therefore 


1 
fo 2afC 
where 2z7f again is the angular velocity or the 
rapidity with which the current changes. 
When f is in cycles per second and C in farads, 
Xc will be in ohms. If C is in microfarads, f 
must be expressed in megacycles to bring the 
resistance in ohms. 

Impedance — In circuits containing induc- 
tive reactance the current lags the voltage 
while with capacity reactance the current leads 
(§ 2-7). Hence the effects of inductive and 
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capacitive reactance are opposite in sense, or, 
as it is commonly expressed, inductive and 
capacitive reactances cancel each other. In 
series circuits having both inductive and ca- 
pacitive reactance the net reactance is the dif- 
ference between the two, and the current will 
either lead or lag depending upon which is 
larger, capacitive or inductive reactance. In- 
ductive reactance is considered positive and 
capacitive reactance negative, so that 


A = Xr, — Xe 


The combined effect of resistance and re- 
actance is termed impedance. The symbol for 
impedance is Z and, for a series circuit, it is 
computed from the formula: 


Z=VR +X? 


where F is the resistance and X is the react- 
ance. The terms Z, R and X are all expressed 
in ohms. Ohm’s Law for alternating current 
circuits then becomes 

[= = a4 =4 : 

The phase angle depends upon the relative 
amounts of resistance and reactance, becoming 
more nearly zero (current and voltage in phase) 
when reactance is small compared to resistance, 
and more nearly 90 degrees when resistance is 
small compared to reactance. 

Power factor — The power dissipated in 
an a.c. circuit containing both resistance and 
reactance is consumed entirely in the resist- 
ance, hence is equal to J?R> However, the 
reactance is also effective in determining the 
current or voltage in the circuit, even though 
it consumes no energy. Hence the product of 
volts times amperes (which gives the power 
consumed in d.c. circuits) for the whole circuit 
may be several times the actual power used up. 
The ratio of power dissipated (watts) to the 
volt-ampere product is called the power factor 
of the circuit, or 


E=1Z4 


Watts 


Power factor = ——______ 
f V olt-amperes 


Distributed capacity and inductance — 
It should not be thought that the reactance 
of coils becomes infinitely high as the fre- 
quency is increased to a high value and, like- 
wise, that the reactance of condensers becomes 
infinitely low at high frequencies. All coils have 
some capacity between turns, and the react- 
ance of this capacity can become low enough 


-at some high frequencies to tend to cancel the 


high reactance of the coil. Likewise, the leads 
and plates of condensers will have considerable 
inductance at very high frequencies, which will 
tend to offset the capacitive reactance of the 
condenser itself. For these reasons, coils for 
high-frequency work must be designed to have 
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low ‘‘distributed’’ capacity, and condensers 
must be made with short, heavy leads to have 
low inductance. 

Units and instruments — The units used 
in a.c. circuits may be divided or multiplied to 
give convenient numerical values to different 
orders of magnitude, just as in d.c. circuits 
(§ 2-6). Because the rapidly reversing current 
is accompanied by similar reversals in magnetic 
field, instruments used for measurement of 
d.c. (§ 2-6) will not operate on a.c. At low fre- 
quencies suitable instruments can be con- 
structed by making the current produce both 
magnetic fields, one by means of a fixed coil 
and the other by the moving coil. Such in- 
struments are used for measurement of either 
current or voltage. At radio frequencies this 
type of instrument is inaccurate because of 
distributed capacity and other effects, and the 
only reliable type of direct-reading instrument 
is the thermocouple ammeter or milliammeter. 
This is a power-operated device consisting of a 
resistance wire, heated by the flow of r.f. cur- 
rent through it, to which is attached a thermo- 
couple, or pair of wires of dissimilar metals 
joined together and possessing the property of 
developing a small d.c. voltage between the 
terminals when heated. This voltage, which 
is proportional to the heat applied to the 
couple, is used to operate a d.¢. instrument 
of ordinary design. 


@2-9 THE TRANSFORMER 


Principles — If two coils of wire are wound 
on a laminated iron core and one of the coils 
is connected to a source of alternating current, 
it will be found that there is an alternating 
voltage across the terminals of the other coil 
of wire, and an alternating current will flow 
through a conductor connecting the two ter- 
minals. The alternating current in the first 
coil, or primary, causes a changing magnetic 
field in the iron core, and this changing mag- 
netic field induces an alternating current in 
the second coil, or secondary. This is simply an 
application of the principle of induction (§ 2-5) 
with the induced voltage being caused by a 
varying magnetic field set up by a current 
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SYMBOLS 
Fig. 213— The transformer. Power is transferred 
from one coil to the other by means of the magnetic 
field. The upper symbol at the right indicates an iron- 
core transformer, the lower one an air-core transformer. 
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flowing in a separate winding instead of the 
same coil. 

Voltage and turn ratio — For a given vary- 
ing magnetic field, the voltage induced in a 
coil in the field will be proportional to the 
number of turns on the coil. Since the two coils 
of a transformer are in the same field, it fol- 
lows that the induced voltages will be pro- 
portional to the number of turns on each coil. 
In the case of the primary, or coil connected to 
the source of power, the induced voltage is 
practically equal to, and opposes, the applied 
voltage. Hence, the secondary induced voltage 
is very nearly equal to the voltage applied to 
the primary, multiplied by the ratio of the 
number of turns on the secondary to the num- 
ber of turns on the primary. 

Voltage and current relations — A trans- 
former cannot deliver more power to its 
secondary load than it takes from the primary 
source of power, since to do so would be to 
violate the principle of conservation of energy. 
Hence we find that transforming a given volt- 
age to a new value causes an inverse transfor- 
mation in the current delivered to the load as 
compared to that taken from the line. For 
example, a transformer with a secondary-to- 
primary voltage ratio of 5 will have a current 
ratio of 1%, which means that the primary 
current will be five times the secondary cur- 
rent. A voltage ratio of less than unity gives a 
corresponding increase in secondary-to-prima- 
ry current ratio. Actually these ratios are not 
exact, since the transformer will have some 
losses both in the wire and in the iron core, 
and this additional loss appears as power taken 
by the primary which is not available for the 
secondary load. The efficiency, or ratio of 
power delivered to the load to power taken 
from the line, of small transformers may vary 
between 60% and 90%, depending upon the 
design. 

Impedance ratio — In a properly designed 
iron-core transformer practically all the mag- 
netic lines of force cut both primary and 
secondary coils, hence the relationship be- 
tween secondary current and primary current 
described in the preceding paragraph. The 
only reactance present is that due to “‘leak- 
age,’”’ or magnetic flux lines which cut one 
coil but not the other. Since the leakage react- 
ance is small, a transformer having a resistive 
load on its secondary will also ‘‘look like” a 
practically resistive load to the power line 
which supplies its primary. The impedance is 
equal to #/I (§ 2-8) and, neglecting losses, if 
nm is the secondary-to-primary turn ratio, then 
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That is, the impedance (#,/I,) presented by 





the primary to the line (called the reflected im- 
pedance or reflected load) is equal to the sec- 
ondary load impedance (Z,/I. s) divided by the 
square of the secondary-to-primary turns ratio. 
The impedance ratio, or ratio of secondary load 
impedance to impedance presented by the 
primary to the line, is therefore equal to the 
square of the turn ratio. This relation is very 
frequently used in radio circuits. 

Impedance matching — Many devices re- 
quire a specific value of load resistance (or 
impedance) for optimum operation. The re- 
sistance of the actual load which is to dissipate 
the power may differ widely from this value, 
hence the transformer with its impedance- 
transforming properties is frequently called 
upon to change the actual load to the desired 
value. This is called t<mpedance matching. From 
the preceding paragraph, 

N,_ | 

Np NZ 
where N,/N» is the required secondary-to- 
primary turn ratio, Zs. is the impedance of the 
actual load, and Z, the impedance required for 
optimum operation of the device delivering 
the power. 
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Fig. 214—The auto- 
transformer. Line and load 
currents in the common 
winding (A) flow in oppo- 
site directions so that the 
resultant current is the dif- 
ference between them. 
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The autotransformer — The transformer 
principle can be utilized with only one winding 
instead of two, as shown in Fig. 214; the princi- 
ples just discussed apply equally well. The 
autotransformer has the advantage that the 
line and load currents in the common section 
are out of phase, hence this portion of the 
winding carries less current than the remainder 
of the coil. This advantage is not very marked 
unless the primary and secondary voltages do 
not differ very greatly, while it is frequently 
disadvantageous to have a direct connection 
between primary and secondary circuits. For 
these reasons its application is usually limited 
to boosting or reducing the line voltage for 
voltage correction or similar purposes. 


@2-10 RESONANT CIRCUITS 


Principle of resonance — It has been shown 
(§ 2-8) that the inductive reactance of a coil 
and the capacitive reactance of a condenser 
are oppositely affected by frequency. In any 
combination of inductance and capacitance, 
therefore, there is one particular frequency for 
which the inductive and capacitive reactances 
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are equal and, since these two reactances cancel 
each other, the net reactance becomes zero, 
leaving only the resistance of the circuit to 
impede the flow of current. The frequency at 
which this occurs is known as the resonant 
frequency of the circuit and the circuit is said to 
be in resonance at that frequency or tuned to 
that frequency. 
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Fig. 215 — Characteristics of series-resonant and 
parallel-resonant circuits. * 


Series circuits— The resonant frequency 
of a simple circuit containing inductance and 
capacity in series is given by 


i 
Ss 6 
bi tJie xX 10 
where 
f is the frequency in kilocycles per second 
2x is 6.28 
L is the inductance in microhenrys (uh.) 
C is the capacitance in micro-microfarads 


(upfd.) 


The resistance that may be present does not 
enter into the formula for resonant frequency. 

With a constant-voltage alternating current 
applied as shown in A of Fig. 215 the current 
flowing through such a circuit will be maxi- 
mum at the resonant frequency. The magni- 
tude of the current will be determined by the 
resistance in the circuit. The curves of Fig. 
215 illustrate this, curve a being for low re- 
sistance and curves b and c being for greater 
resistances. 

Parallel circuits —'The parallel resonant 
circuit is illustrated in B of Fig. 215. This also 
contains inductance, capacitance and resist- 
ance in series, but the voltage is applied in 
parallel with the combination instead of in 
series with it as in A. Here we are primarily 
interested in the characteristics of the circuit 
as viewed from its terminals, especially in the 
parallel impedance it offers. The variation of 
parallel impedance of a parallel resonant cir- 
cuit with frequency is illustrated by the same 
curves of Fig. 215 that show the variation in 
current with frequency for the series-resonant 
circuit. The parallel impedance is maximum at 
resonance and increases as the series resistance 
is made smaller. 
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In the case of parallel circuits, resonance 


which gives maximum impedance, that which 
gives maximum power factor, or (as in series 
circuits) when the inductive and capacitive 
reactances are equal. If the resistance is low, 
the resonant frequencies obtained on the three 
bases are practically identical. This condition 
usually is satisfied in radio work, so that the 
resonant frequency of a parallel circuit is gen- 
erally computed by the series-resonance for- 
mula given above. e 

Resistance at high frequencies — At 
radio frequencies the resistance of a conductor 
may be considerably higher than its resistance 
to direct current or low-frequency a.c. This 
is because the magnetic field set up inside the 
wire tends to force the current to flow in the 
outer part of the wire, an effect which in- 
creases with frequency. At high radio frequen- 
cies this skin effect is so pronounced that 
practically all the current flows very near the 
surface of the conductor, thereby in effect 
reducing the cross-sectional area and hence 
increasing the resistance. For this reason low 
resistance can be achieved only by using con- 
ductors with large surface area, but since the 
inner part of the conductor does not carry 
current, thin tubing will serve just as well as 
solid wire of the same diameter. 

A similar effect takes place in coils for radio 
frequencies, where the magnetic fields cause a 
concentration of current in certain parts of 
the conductors, again causing an effective 
decrease in the conductor size and raising the 
resistance. These effects, plus the effects of 
stray currents caused by distributed capacity 
(§ 2-8), raise the effective resistance of a coil 
to many times the d.c. resistance of the wire. 

Sharpness of resonance — The resonance 
curves become ‘‘flatter’’ for frequencies near 
resonance frequency, as shown in Fig. 215, 
as the internal series resistance is increased, 
but are of the same shape for all resistances 
at frequencies farther removed from resonance 
frequency. The relative sharpness of the reso- 
nance curve near resonance frequency is a 
measure of the sharpness of tuning or selec- 
tivity (ability to discriminate between voltages 
of different frequencies) in such circuits. This 
is an important consideration in tuned circuits 
used for radio work. 

Flywheel effect; Q@—A resonant circuit 
may be compared to a flywheel in its behavior. 
Just as such a wheel will continue to revolve 
after it is no longer driven, so also will oscilla- 
tions of electrical energy continue in a resonant 
circuit after the source of power is removed. 
The flywheel continues to revolve because of 
its stored mechanical energy; current flow 
continues in a resonant circuit by virtue of the 
energy stored in the magnetic and electric 


34 CHAPTER TWO 


fields of the condenser and coil. The sharpness 
of resonance, which is directly related to the 
flywheel effect, is determined by the ratio of 
energy stored to energy dissipated, hence is 
proportional to the reactance in the circuit 
and inversely proportional to the resistance. 
This ratio of stored energy to dissipated energy 
is called the Q of the circuit. 

In resonant circuits at frequencies below 
about 28 Me. the resistance is practically 
wholly in the coil; condenser resistance may 
be neglected. Consequently the Q of the circuit 
as a whole is determined by the Q of the coil, 
or its ratio of reactance to resistance. Coils 
for frequencies below the ultra-high frequency 
region may have Q’s ranging from 100 to 
several hundred, depending upon their size and 
construction. 

Damping, decrement — The rate at which 
current dies down in amplitude in a resonant 
circuit after the source of power has been re- 
moved is called the decrement or damping of 
the circuit. A circuit with high decrement 
(low Q) is said to be highly damped; one with 
low decrement (high Q) is lightly damped. 

Voltage rise — When a voltage of the reso- 
nant frequency is inserted in series in a reso- 
nant circuit, the voltage which appears across 
either the coil or condenser is considerably 
higher than the applied voltage. This is be- 
cause the current in the circuit is limited only 
by the resistance and hence may have a rela- 
tively high value; however, the same current 
flows through the high reactances of the coil 
and condenser and consequently causes large 
voltage drops (§ 2-8). As explained above, the 
reactances, and hence the voltages, are oppo- 
site in phase so that the net voltage around the 
circuit is only that applied. The ratio of the 
reactive voltage to the applied voltage is pro- 
portional to the ratio of reactance to resist- 
ance, which is the Q of the circuit. Hence the 
voltage across either the coil or condenser is 
equal to Q times the voltage inserted in series 
with the circuit. 

Parallel-resonant circuit impedance — 
The parallel-resonant circuit offers pure re- 
sistance (its resonant impedance) between its 
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Fig. 216— The impedance of a parallel-resonant 
circuit separated into its reactance and _ resistance 
components. The parallel resistance is equal to the 
parallel impedance at resonance. 


terminals at resonance frequency, and becomes 
reactive for frequencies higher and lower. 
The manner in which this reactance varies 
with frequency is shown by the curve in Fig. 
216. This figure also shows the parallel resist- 
ance component which combines with the 
reactance to make up the impedance. 

The value of parallel impedance at reso- 
nance is proportional to the reactance of either 
the coil or condenser and inversely propor- 
tional to the series resistance. (This resistance 
should not be confused with the resistance 
component of parallel impedance which has 
just been mentioned.) Assuming that all the 
resistance is in the coil, then 


_ (afrL)? 
Z, = — 
Qxf,L 
Since Pr =Q, 


Z, = (2Q7f,L)Q 
In other words, the resonant impedance is 
equal to the inductive reactance of the coil (at 
resonant frequency) times the Q of the circuit. 
Since at resonance the coil and condenser re- 
actances are numerically equal, Z; also equals 
the circuit Q times the condenser reactance, or 


Z, = XQ 
Q of loaded circuits— In many applica- 
tions, particularly in receiving, the only re- 


A) 





(B) 


Fig. 217 — The equivalent circuit of a resonant cir- 
cuit delivering power to a load. The resistor R represents 
the load resistance. At B the load is shown tapped across 
part of L, which by transformer action is equivalent to 
using a higher value of load resistance across the whole 
cireult, 


sistance present in the resonant circuit is that 
of the circuit itself. Hence the coil is designed 
to have as high Q as possible. Since, within 
limits, increasing the number of turns raises 
the reactance faster than it raises the resist- 
ance, coils for such purposes are made with 
relatively large inductance for the frequency 
under consideration. 

When the circuit delivers energy to a load, 
as in the case of resonant circuits. used in 
transmitters, the energy consumed in the cir- 
cuit itself is usually negligible compared with 
that consumed by the load. The equivalent of 
such a circuit can be represented as shown in 
Fig. 217-A where the parallel resistor repre- 
sents the load to which power is delivered. 
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Since Z = XQ, the Q of a circuit loaded with a 
resistive impedance Z is (neglecting internal 
resistance) 


Q= 


Hence for a given parallel impedance, the 
effective Q of the circuit including the load is 
proportional to 1/X, or inversely proportional 
to the reactance of either the coil or the con- 
denser. A circuit loaded with a relatively low 
resistance (a few thousand ohms) must there- 
fore have a large capacity and relatively small 
inductance to have reasonably high Q. 

The effect of a load of given resistance on 
the Q of the circuit also can be changed by con- 
necting the load across only part of the circuit. 
The most common method of accomplishing 
this is by tapping the load across part of the 
coil, as shown in Fig. 217-B. The smaller the 
portion of the coil across which the load is 
tapped the less the loading on the circuit; in 
other words, tapping the load ‘‘down” is 
equivalent to connecting a higher value of load 
resistance across the whole circuit. This is 
similar in principle to impedance transforma- 
tion with an iron-core transformer (§ 2-9). 
However, in the high-frequency resonant cir- 
cuit the impedance ratio does not vary exactly 
as the square of the turn ratio because all the 
magnetic flux lines do not cut every turn of 
the coil. A desired reflected impedance usually 
must be obtained by experimental adjustment. 

L/C ratio— For a given frequency the 
product of LZ and C must always be the same, 
but it is evident that Z can be large and C 
small, L small and C large, etc. The relation 
between the two for a fixed frequency is called 
the L/C ratto. A high-C circuit is one which 
has more capacity than ‘‘normal”’ for the fre- 
quency; a low-C circuit one which has less than 
normal capacity. These terms depend to a 
considerable extent upon the particular appli- 
cation considered, and have no exact numeri- 
cal meaning. 

Piezo-electricity — Properly-ground crys- 
tals of quartz and some other materials show a 
mechanical strain when subjected to an elec- 
tric charge and, conversely, will show a differ- 
ence in potential between two faces when sub- 
jected to mechanical stress. This characteris- 
tic is called the piezo-electric effect. A properly- 
ground quartz crystal is a mechanical vibrator 
electrically equivalent to a _ series-resonant 
circuit of very high Q, and can be used for 


>| 


- many of the purposes for which ordinary reso- 


nant circuits are used. 


@2-11 COUPLED CIRCUITS 


Energy transfer; loading — Two circuits 
are said to be coupled when energy can be 
transferred from one to the other. The circuit 
delivering energy is called the primary circuit; 
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that receiving energy is called the secondary 
circuit. The energy may be practically all 
dissipated in the secondary circuit itself, as in 
receiver circuits, or the secondary may simply 
act as a medium through which the energy is 
transferred to a load resistance where it does 
work. In the latter case the coupled circuits 
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Fig. 218 — Basic types of circuit coupling. 


may act as a radio-frequency impedance 
matching device (§ 2-9) where the matching 
may be accomplished by adjusting the loading 
on the secondary (§ 2-10) and by varying ‘the 
coupling between the primary and secondary. 

Coupling by a common circuit element — 
The three variations of this type of coupling 
(often called direct coupling) are shown at 
A, B and C of Fig. 218, utilizing common in- 
ductance, capacity, and resistance, respec- 
tively. Current circulating in one LC branch 
flows through the common element (Lm, Cyn, 
or &,,) and the voltage developed across this 
element causes current to flow in the other 
LC branch. The degree of coupling between 
the two circuits is greater as the reactance 
(or resistance) of the common element is in- 
creased in comparison to the remaining re- 
actances in the two branches. 

The circuit at D shows electrostatic coupling 
between two resonant circuits. The coupling 
increases as the capacity of C,, is made greater 
(reactance of C, is decreased). 

Inductive coupling — Fig. 218-E  illus- 
trates inductive coupling, or coupling by 
means of the magnetic field. A circuit of this 
type resembles the iron-core transformer 
(§ 2-9) but because only a small percentage of 
the flux lines set up by one coil cut the turns of 
the other coil the simple relationships between 
turn ratio, voltage ratio, and impedance ratio 
in the iron-core transformer do not hold. The 
interlinking of the lines of force emanating 
from one coil with the turns of the other is 
measured by the mutual inductance between 
the two coils. Its value is determined by the 
self-inductance of each of the two coils and 
their position with respect to each other. The 
mutual inductance increases as the two coils 
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are brought closer to each other with their axes 
coinciding. 

Link coupling — A variation of inductive 
coupling called link coupling is shown in Fig. 
219. This gives the effect of inductive coupling 
between two coils which may be so separated 
that they have no mutual inductance; the link 

may be considered simply as 

a means of providing the 

mutual inductance. Because 

Ru mutual inductance between 

coil and link is involved at 

each end of the link, the total 

coupling between two link- 

coupled circuits cannot be made as great 

as when normal inductive coupling is 

used, but in practice this is usually not 

disadvantageous. Link coupling is fre- 

quently convenient in the design of equip- 

ment where inductive coupling would be 

impracticable because of constructional 
considerations. 

The link coils generally have few turns com- 
pared to the resonant-circuit coils, since the 
coefficient of coupling (see next paragraph) is 
relatively independent of the number of turns 
on either coil. 

Coefficient of coupling — The degree of 
coupling between two coils is a function of 
their mutual inductance and self-inductances: 


ee 

Vine 
where k is called the coefficient of cowpling. It is 
often expressed as a percentage. The coefficient 
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Fig. 219— Link coupling. Mutual inductance at 
both ends of the link is equivalent to mutual inductance 
between the two tuned circuits. 





of coupling cannot be greater than 1, and gen- 
erally is much smaller in resonant circuits. 
Critical coupling — When there is little 
coupling between two circuits tuned to the 
same frequency (loose cowpling) each behaves 
much as though the other were not present. 
As the coupling is increased, each circuit loads 
the other because of the energy transfer, an 
effect which is equivalent to increasing the 
series resistance in each circuit (or reducing its 
parallel impedance). Hence the sharpness of 
resonance, or selectivity, is decreased. At 
critical coupling, maximum energy is trans- 
ferred from one circuit to the other, and the 
overall resonance curve shows a single fairly 
broad peak. At still closer coupling (tight 
coupling) the energy transfer will drop off and 


the overall resonance curve will show two 
peaks, one on either side of the frequency to 
which the circuits are tuned. The tighter the 
coupling the greater the frequency separation 
of the two peaks. ; 

Critical coupling is a function of the Q’s of 
the two circuits taken independently. A higher 
coefficient of coupling is required to reach 
critical coupling when the Q’s are low; if the 
Q’s are high, as in receiving applications, a 
coupling coefficient of a few percent may give 
critical coupling. 

Effect of circuit @ — With loaded circuits 
it is not impossible for the Q to reach such low 
values that critical coupling cannot be ob- 
tained even with the highest practicable co- 
efficient of coupling (coils as physically close as 
possible). In such case the only way to secure 
sufficient coupling is to increase the Q of one 
or both of the coupled circuits. This can be 
done either by decreasing the L/C ratio or 
by tapping the load down on the secondary 
coil (§ 2-10). One or the other of these methods 
often must be used in link coupling, because 
the maximum coefficient of coupling between 
two coils seldom runs higher than 50% or 
60%, and the net coefficient is approximately 
equal to the products of the coefficients at each 
end of the link. If the load resistance is known 
beforehand, the circuits may be designed for a 
Q in the vicinity of 10 or so with assurance that 
sufficient coupling will be available; if un- 
known, the proper Q’s can be deter- 
mined by experiment. 

Coupled resistance and _ react- 
ance — If the two circuits are tuned 
to the same frequency, their effect on 
each other is resistive. For example, 
a loaded and resonant secondary will 
cause an apparent increase in the 
series resistance of the primary cir- 
cuit (representing the energy dis- 
sipated in the load) which in turn 
causes the parallel impedance of the 
primary to decrease. It is by this 
means that the parallel impedance of 
the primary can, by adjustment of 
secondary loading and coupling, be 
adjusted to the optimum value for 
the device furnishing the power 
(§ 2-9). 

Should the secondary circuit be 
slightly off tune it will have a reactive 
as well as resistive component, and 
the reactance is likewise coupled into 
the primary circuit. Since this in turn 
throws the primary off tune, the latter 
must be retuned to bring it back to 
resonance. The reflected reactance 
may be either inductive or capacitive. 
This effect occurs frequently in trans- 
mitters, where with certain types of 
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coupling (link coupling, for instance) there may 
be a small amount of residual reactance in the 
secondary circuit. 

Shielding — It is frequently necessary to 
prevent coupling between two circuits which 
for constructional reasons must be physically 
near each other. Capacitive coupling may 
readily be prevented by enclosing one or both 
of the circuits in grounded low-resistance 
metallic containers called shields. The: electro- 
static field from the circuit components does 
not penetrate the shield because the lines of 
force are short-circuited (§ 2-3). In many cases 
a metallic plate, called a baffle shield, inserted 
between two components may suffice to pre- 
vent electrostatic coupling between them, 
since very little of the field tends to bend 
around such a shield if it is large enough to 
make the components invisible to each other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this case the magnetic field induces a current 
(eddy current) in the shield which in turn sets 
up.its own magnetic field opposing the original 
field (§ 2-5). The induced current is propor- 
tional to the frequency and also to the conduc- 
tivity of the shield, hence the shielding effect 
increases with frequency and the conductivity 
and thickness of the shielding material. A 
closed shield is required for good magnetic 
shielding; in some cases separate shields, one 
about each coil, may be required. The baffle 
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shield is rather ineffective for magnetic shield- 
ing, although it will give partial shielding if 
placed at right angles to the axes of, as well as 
between, the two coils to be shielded from 
each other. 

Cancellation of part of the field of the coil 
reduces its inductance, and since some energy 
is dissipated in the shield, the effective resist- 
ance of the coil is raised as well, hence the coil 
Q is reduced. The effect of shielding on coil Q 
and inductance becomes less as the distance 
between the coil and shield is increased. The 
losses also decrease with an increase in the 
conductivity of the shield material. Copper 
and aluminum are satisfactory materials. The 
Q and inductance will not be greatly reduced 
if the spacing between the sides of the coil and 
the shield is at least half the coil diameter, and 
is not less than the coil diameter at the ends of 
the coil. 

At audio frequencies the shielding container 
is made of magnetic material, preferably of 
high permeability (§ 2-5) to short-circuit the 
external flux about the coil to be shielded. 
A non-magnetic shield is quite ineffective at 
these low frequencies because the induced 
current is small. 

Filters — By suitable choice of circuit ele- 
ments, a coupling system may be designed to 
pass without undue attenuation all frequen- 
cies below and reject all frequencies above a 
certain value called the cut-off frequency. Such 
a coupling system is called a filter, and in the 
above case is known as a low-pass filter. If fre- 

‘quencies above the cut-off frequency. are passed 
and those below attenuated, the filter is a 
high-pass filter. Simple filter circuits of both 
types are shown in Fig. 220. The fundamental 
circuit from which more complex filters are 
constructed is the L-section. Fig. 220 also 
shows -section filters, constructed from the 
basic L-section and frequently encountered in 
both low-frequency and r.f. circuits. The pro- 
portions of Z and C for proper operation of the 
filters depend upon the load resistance con- 
nected across the output terminals, L being 
larger and C smaller as the load resistance is 
increased. 

A band-pass filter is one designed to pass 
without attenuation all frequencies between 
two selected cut-off frequencies and to at- 
tenuate all frequencies outside these limits. 
The group of frequencies passed through the 
filter is called the pass-band. Two resonant 
circuits with greater than critical coupling 
represent a common form of band-pass filter. 

The resistance-capacity filter shown in Fig. 
220 is used where both d.c. and a.c. are flowing 
through the circuit and it is desired to provide 
greater attenuation for the alternating current 
than the direct current. It is usually employed 
where the direct current has a low value so 
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Fig. 221 — Bridge circuits utilizing resistance, induc- 
tance and capacity, alone and in combination. 


that the d.c. voltage drop is not excessive, or 
when a d.c. voltage drop actually is required. 
The time constant (§ 2-6) of the filter must be 
large compared to the time of one cycle of the 
lowest frequency to be attenuated. In deter- 
mining the time constant, the resistance of the 
load must be included as well as that in the 
filter itself. 

Bridge circuits — A bridge circuit is a device 
primarily used in making measurements of re- 
sistance, reactance or impedance (§ 2-8), al- 
though it has other applications in radio cir- 
cuits. The fundamental form of bridge is 
shown in Fig. 221-A. It consists of four re- 
sistances (called arms) connected in series- 
parallel to a source of voltage H, with a sensi- 
tive galvanometer M connected between the 
junctions of the series-connected pairs. When 
the equation 

Ry R3 


Ro Ry 


is satisfied no current flows through M because 
no potential difference exists between points 
A and B since the drop across Rez equals that 
across #4, and the drop across R; equals that 
across #3. Under these conditions the bridge is 
said to be balanced. If R3 is an unknown re- 
sistance and Ry, is a variable known resistance, 
Rs can be found from the following equation, © 
after Ra has been adjusted to balance the 
bridge (null indication on M): 


1 
Rs Re Rs, 

ky and Re are known as the ratio arms of the 
bridge; the ratio of their resistances is usually 
adjustable (frequently in steps of 1, 10, 100, 
etc.) so that a single variable resistor R4 can 
serve as a standard for measuring widely dif- 
ferent values of unknown resistance. 

Bridges can be similarly formed with con- 
densers, inductances, and combinations of re- 
sistance with either. Typical simple arrange- 
ments are shown in Fig. 221. For measure- 
ments with alternating currents the bridge 
must not introduce phase shifts which would 
destroy the balance, hence similar impedances 
should be used in each branch, as shown in 
Fig. 221, and the Q’s of the coils and con- 
densers should be the same. When bridges are 
used at audio frequencies a telephone headset 
is a good null indicator. The bridges at E and 
F are commonly-used r.f. neutralizing circuits 
(§ 4-7); the voltage from the source Eac is 
balanced out at X. 
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Standing waves — If an electrical impulse 
is started along a wire it will travel at approxi- 
mately the speed of light until it reaches the 
end. If the end of the wire is open circuited, 
the impulse will be reflected at this point and 
travel back again. When a high-frequency al- 
ternating voltage is applied to the wire a cur- 
rent will flow toward the open end, and reflec- 
tion will occur continuously. If the wire is long 
enough so that time comparable to a half cycle 
or more is required for current to travel to the 
open end, the phase relations between the re- 
flected current and outgoing current will vary 
along the wire, and at one point the two cur- 
rents will be 180 degrees out of phase and at 
another in phase, with intermediate values 
between. Assuming negligible losses, this 
means that the resultant current will vary in 
amplitude from zero to a maximum value 
along the wire. Such a variation is called a 
standing wave. The voltage along the wire also 
goes through standing waves, but reaches its 
maximum values where the current is mini- 
mum, and vice versa. 

Frequency and Wavelength — It is possible 
to describe the constants of such line circuits in 
terms of inductance and capacitance, or in- 


ductance and capacitance per unit length, but 


it is more convenient to give them simply in 
terms of fundamental resonant frequency or of 
_ length. In the case of a straight-wire circuit, 
length is inversely proportional to lowest resonant 
frequency. Since the velocity is 300,000 kilo- 
meters (186,000 miles) per second, the wave- 
length is 
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x — 300,000 
= Shes 


where A is the wavelength in meters and fre. is 
the frequency in kilocycles. The lowest fre- 
quency at which the wire or line will be reso- 
nant is known as its fundamental frequency 
or wavelength. It is common to describe lines 
(or antennas, which have similar current and 
voltage distribution) as half-wave, quarter-wave, 
etc., for a certain frequency (‘‘half-wave 
7000-ke. antenna,” for instance). 

Wavelength is also used interchangeably 
with frequency in describing not only antennas 
but also for tuned circuits, complete trans- 
mitters, receivers, etc. Thus the terms ‘‘high- 
frequency receiver”? and ‘‘short-wave re- 
ceiver,” or ‘‘75-meter fundamental antenna” 
and ‘'4000-kilocycle fundamental antenna,” 
are synonymous. 

Harmonic resonance — Although a coil- 
condenser combination having lumped con- 
stants (capacitance and inductance) resonates 
at only one frequency, circuits such as an- 
tennas containing distributed constants reso- 
nate readily at frequencies which are very 
nearly integral multiples of the fundamental 
frequency. These frequencies are therefore in 
harmonic relationship to the fundamental fre- 
quency and, hence, are referred to as harmon- 
tcs (§ 2-7). In radio practice the fundamental 
itself is called the first harmonic, the frequency 
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Fig. 222 — Standing-wave current distribution on a 
wire operating as an oscillatory circuit at its funda- 
mental, second harmonic and third harmonic frequen- 
cies. 


twice the fundamental is called the second har- 
monic, and so on. 

Fig. 222 illustrates the distribution of cur- 
rent on a wire for fundamental, second and 
third harmonic excitation. There is one point 
of maximum current with fundamental opera- 
tion, two when operation is at the second 
harmonic and three at the third harmonic; the 
number of current maxima corresponds to the 
order of the harmonic and the number of stand- 
ing waves on the wire. As noted in the figure, 
the points of maximum current are called 
anti-nodes (also known as ‘‘loops”’) and the 
points of zero current are called nodes. 
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Radiation resistance — Since a line circuit 
has distributed inductance and capacity, cur- 
rent flow causes storage of energy in mag- 
netic and electrostatic fields ‘(§ 2-3, 2-5), At 
low frequencies practically all the energy so 
stored is returned to the wire during another 
part of the cycle (§ 2-8) but above 15,000 
cycles or so (radio frequency) some escapes — 
is radiated —in the form of electromagnetic 
waves. Energy radiated by a line or antenna is 
equivalent to energy dissipated as in a resistor. 
The value of this equivalent resistance is 
known as radiation resistance. 

Resonant line circuits — The effective re- 
sistance of a resonant straight wire such as an 
antenna is considerable, because of the power 
radiated. The resonance curve of such a 
straight-line circuit is quite broad; in other 
words, its Q is relatively low. However, by 
folding the line, as suggested by Fig. 223, the 
fields about the adjacent sections largely can- 
cel each other and very little radiation takes 
place. The radiation resistance is greatly re- 

_duced and the line-type circuit can be made to 
_ have a very sharp resonance curve or high Q. 
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Fig. 223 — Standing wave and instantaneous current 
(arrows). conditions of a folded resonant-line circuit. 


A circuit of this type will have a standing 
wave on it, as shown by the dash-line of Fig. 
223, with the instantaneous current flow in 
each wire opposite in direction to the flow in 
the other, as indicated by the arrows on the 
diagram. This opposite current flow accounts 
for the cancellation of radiation, since the 
fields about the two wires oppose each other. 
Furthermore, the impedance across the open 
ends of the line will be very high, thousands of 
ohms, while the impedance across the line near 
the closed end will be very low. 

A folded line may be made in the form of two 
concentric conductors, as shown in Fig. 224. 
The concentric line has even lower radiation 
resistance than the folded wire line, since the 
outer conductor acts as a shield. Standing 
waves exist, but are confined to the outside of 
the inner conductor and the inside of the outer 
conductor, since skin effect prevents the cur- 
rents from penetrating to the other sides. 
Thus such a line will have no radio-frequency 
potentials on its exposed surfaces. Bécause of 
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Fig. 224 — A concentric line resonant circuit. 


the low radiation resistance and relatively 
large conducting surfaces, such lines can be 
made to have much higher Q’s than are attain- 
able with coils and condensers. They are most 
applicable at ultra-high frequencies (very 
short wavelengths) (§ 2-7) where dimensions 
are small. 


@2-13 CIRCUITS WITH SUPERIMPOSED 
CURRENTS 

Combined a.c. and d.c. — There are many 
practical instances of simultaneous flow of 
alternating and direct current in a circuit.: 
When this occurs there is a pulsating current 
and it is said that an alternating current is 
superimposed on a direct current. As shown in 
Fig. 225, the maximum value is equal to the 
d.c. value plus the a.c. maximum, while the 
minimum value (on the negative a.c. peak) is 
the difference between the d.c. and the maxi- 
mum a.c. values. The average value (§ 2-7) of 
the current is simply equal to the direct-cur- 
rent component alone. The effective value 
(§ 2-7) of the combination is equal to the 
square root of the sum of the effective a.c. 
squared and the d.c. squared: 


I = af Lad + Lact 


where I,, is the effective value of the a.c. 
component, J is the effective value of the com- 
bination and J, is the average (d.c.) value of 
the combination. 

Beats — If two or more alternating cur- 
rents of different frequencies are present in a 
normal circuit, they have no particular effect 
upon one another and, for this reason, can be 
separated again at any time by the proper 
selective circuits. However, if two (or more) 
alternating currents of different frequencies are 
present in an element having unilateral or one- 
way current flow properties, not only will the 
two original frequencies be present in the out- 
put but also currents having frequencies equal 
to the sum, and difference, of the original fre- 
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Fig. 225 — Pulsating current composed of alternating 
current superimposed on direct current. 
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quencies. These sum and difference frequencies 
are called the beat frequencies. For example, if 
frequencies of 2000 and 3000 kc. are present in 
a normal circuit, only those two frequencies 
exist, but if they are passed through a uni- 
lateral-element (such as a properly-adjusted 
vacuum tube) there will be present in the out- 
put not only the two original frequencies of 
2000 and 3000 ke. but also currents of 1000 
(8000 — 2000) and 5000 (8000 + 2000) ke. 
Suitable circuits can select the desired beat 
frequency. 

By-passing — In combined circuits it is fre- 
quently necessary to provide a low-impedance 
path for a.c. around, for instance, a source of 
d.c. voltage. This can be done by using a by- 
pass condenser, which will not pass direct cur- 
rent but will readily permit the flow of alter- 
nating current. The capacity of the condenser 
should be of such value that its reactance is 
low (of the order of 1/10th or less) compared 
to the a.c. impedance of the device being by- 
passed. The lower the reactance, the better is 


_ the a.c. confined to the desired path. 


Similarly, alternating current can be pre- 
vented from flowing through a direct-current 
circuit to which it may be connected by in- 
serting an inductance of high reactance (called 


Edteal coried Radio ya 


a choke cotl) between the two circuits. This will 
permit the d.c. to flow without hindrance, since 
the resistance of the choke coil may be made 
quite low, but will effectively prevent the a.ce. 
from flowing where it is not wanted. 

If both r.f. and low-frequency (audio or 
power frequencies) currents are present in a 
circuit, they may be confined to desired paths 
by similar means, since an inductance of high 
reactance for radio frequency will have negli- 
gible reactance at low frequencies, while a 
condenser of low reactance at radio frequencies 
will have high reactance at low frequencies. 

Grounds — The term ‘‘ground” is fre- 
quently met in discussions of circuits, and 
normally means the voltage reference point in 
the circuit. There may or may not be an ac- 
tual connection to earth, but it is understood 
that a point in the circuit said to be at ground 
potential could be connected to earth without 
disturbing the operation of the circuit in any 
way. In direct-current circuits the negative 
side is generally grounded. The ground symbol 
in circuit diagrams is used for convenience in 
indicating common connections between vari- 
ous parts of the circuit, and with respect to 
actual ground usually has the meaning indi- 
cated above. 
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@3-1 DIODES 

Rectification — Practically all of the vac- 
uum tubes used in radio work depend upon 
thermionic conduction (§ 2-4) for their opera- 
tion. The simplest type of vacuum tube is that 
shown in Fig. 301. It has two elements, cath- 
ode and plate, and is called a diode. The 
cathode is heated by the “A” battery and 
emits electrons which flow to the plate when 
the plate is at a positive potential with respect 
to the cathode. Because of the nature of 
thermionic conduction, the tube is a con- 
ductor in one direction only. If a source of 
alternating voltage is connected between the 
cathode and plate, then electrons will flow 
only on the positive half-cycles of alternating 
voltage; there will be no electron flow during 
the half cycle when the plate is negative. Thus 
the tube can be used as a rectifier, to change 
alternating current to pulsating direct current. 
This alternating current can be anything from 
the 60-cycle kind to the highest radio frequencies. 

Characteristic curves — 'The performance 
of the tube can be reduced to easily-understood 
terms by making use of tube characteristic 
curves. A typical characteristic curve for a 
diode is shown at the right in Fig. 301. It 
shows the current flowing between plate and 
cathode with different d.c. voltages applied 
between the elements. The curve of Fig. 301 
shows that, with fixed cathode temperature, 
the plate current increases. as the voltage 
between cathode and plate is raised. For an 
actual tube the values of plate current and 
plate voltage would be plotted along their 
respective axes. 

The power consumed in the tube is the 
product of the plate voltage multiplied by the 
plate current, just as in any d.c. circuit. In a 
vacuum tube this power is dissipated in heat 
developed in the plate and radiated to the bulb. 
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Fig. 301 — The diode or two-element tube and a typi- 
cal characteristic curve. 


4 CHAPTER THREE 


Space charge — With the cathode tem- 
perature fixed, the total number of electrons 
emitted is always the same regardless of the 
plate voltage. Fig. 301 shows, however, that 
less plate current will flow at low plate voltages 
than when the plate voltage is large. With low 
plate voltage only those electrons nearest the 
plate are attracted to the plate. The electrons 
in the space near the cathode, being them- 
selves negatively charged, tend to repel the 
similarly-charged electrons leaving the cath- 
ode surface and cause them to fall back on the 
cathode. This is called the space charge effect. 
As the plate voltage is raised, more and more 
electrons are attracted to the plate until 
finally the space charge effect is completely 
overcome and all the electrons emitted by the 
cathode are attracted to the plate, and a 
further increase in plate voltage can cause no 
increase in plate current. This is called the 
saturation point. 


@3-2 TRIODES 


Grid control — Tf a third element, called 
the control grid, or simply the grid, is inserted 
between the cathode and plate of the diode 
the space-charge effect can be controlled. The 
tube then becomes a triode (three-element 
tube) and is useful for more things than 
rectification. The grid is usually in the form 
of an open spiral or mesh of fine wire. With 
the grid connected externally to the cathode 
and with a steady voltage from a d.c. supply 
applied between the cathode and plate (the 
positive of the ‘‘B” supply is always con- 
nected to the plate), there will be a constant 
flow of electrons from cathode to plate, 
through the openings of the grid, much as in 
the diode. But if a source of variable voltage 
is connected between the grid and cathode 
there will be a variation in the flow of electrons 
from cathode «to plate (a variation in plate 
current) as the voltage on the grid changes 
about a mean value. When the grid is made 
less negative (more positive) with respect to 
the cathode, ‘the space charge is partially 
neutralized and there will be an increase in 
plate current; when the grid is made more 
negative with respect to the cathode, the space 
charge is reinforced and there will be a de- 
crease in plate current. 

Amplification — The grid thus acts as a 


valve to control the flow of plate current, and 
it is found that it has a much greater effect 
on plate current flow than does the plate 
voltage; that is, a small change in grid voltage 
is Just as effective as a large change in plate 
voltage in bringing about a change in plate 
current. When a resistance or impedance 
(load) is connected in series in the plate circuit, 
the voltage drop across it, which is a function 
of the plate current through it, can therefore 
be changed by varying the grid voltage as well 
as by giving the plate voltage a new value. 
Thus a small change in grid voltage will cause 
a large change in voltage drop across the 
impedance; in other words, the grid voltage is 
amplified in the plate circuit. 

So long as the grid has a negative potential 
with respect to the cathode, electrons emitted 
by the cathode are repelled (§ 2-3) with the 
result that no current flows to the grid. Hence 
under these conditions the grid consumes no 
power. However, when the grid becomes posi- 
tive with respect to the cathode, electrons are 
attracted to it and a current flows to the grid; 
when this grid current flows power is dissipated 
in the grid circuit. 

Characteristics — The measure of the am- 
plification of which a tube is capable is known 
as its amplification factor, designated by yu 
(mu). Mu is the ratio of plate-voltage change 
required for a given change in plate current to 
the grid-voltage change necessary to produce 
the same change in plate current. Another 
important characteristic is the plate resistance, 
designated r,. It is the ratio, for a fixed grid 
voltage, of a small plate voltage change to the 
plate current change it effects. It is expressed 
in ohms. Still another important characteristic 
used in describing the properties of a tube is 
grid-plate transconductance, or mutual conduct- 
ance, designated by gm and defined as the 
rate of change of plate current with respect 
to a change in grid voltage. The mutual con- 
ductance is a rough indication of the design 
merit of the tube. It is expressed in micromhos 
(the mho is the unit of conductance and is 
equal.to 1/R) and is the ratio of amplification 
factor to plate resistance, multiplied by one 
million. These tube characteristics are inter- 
related and are dependent primarily on the 
tube structure. 

Static and dynamic curves — The opera- 
tion of a vacuum tube amplifier is graphically 
represented in elementary form in Fig. 302. The 


sloping line represents the variation in plate . 


current obtained at a constant plate voltage 
with grid voltages ranging from a value suffi- 
ciently negative to reduce the plate current to 
zero, to a value slightly positive. Grid voltage 
is specified with reference to the cathode or 
filament. Notable facts about this curve are 
that it is essentially a straight line (is linear) 
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Fig. 302 — Operating characteristics of a vacuum- 
tube amplifier. Class-A amplifier operation is depicted. 


over the middle section and that it bends 
towards the bottom (near cut-off) and near the 
top (saturation). In other words, the variation 
in plate current is directly proportional to the 
variation in grid voltage over the region be- 
tween the two bends. With a fixed grid voltage 
(bias) of proper value the plate current can be 
set at any desired value. 

Tube characteristics of the type shown in 
Fig. 302 may be of either the static or dynamic 
type. Static characteristics show the plate cur- 
rent that will flow at specific grid and plate 
voltages in the absence of any output device 
in the plate circuit for transferring the plate 
current variation to an external circuit, while 
the dynamic characteristic shows the behavior 
of the same quantities when there is a load in 
the plate circuit, and thus represents the actual 
operation of the tube as an amplifier. 

Interelectrode capacities — Any pair of 
elements in a tube forms a miniature condenser 
(§ 2-3), and although the capacities of these 
condensers may be only a few micromicro- 
farads or less, they must frequently be taken 
into account in vacuum-tube circuits. The ca- 
pacity from grid to plate (grid-plate capacity) 
has an important effect in many applications. 
In triodes, the other capacities are the grid- 
cathode and plate-cathode. In multi-element 
tubes (§ 3-5) similar capacities exist between 
these and other electrodes. With screen-grid 
tubes, the terms ‘‘input”’ and “‘output”’ ca- 
pacity mean, respectively, the capacity meas- 
ured from grid to all other elements connected 
together, and from plate to all other elements 
connected together. The same terms are used 
with triodes but are not so easily defined since 
the effective capacities existing depend upon 
the operating conditions (§ 3-3). 

Tube ratings — Specifications of suitable 
operating voltages and currents are called 
tube ratings. Ratings include proper values for 
filament or heater voltage and current, plate 
voltage and current, and similar operating 
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specifications for other elements. An important 
rating in power tubes is the maximum safe 
plate dissipation, which is the maximum power 
which can be dissipated continuously in heat 
on the plate (§ 3-1). 


@3-3 AMPLIFICATION 


Circuits — Besides the vacuum tube, a 
complete amplifier includes a means for intro- 
ducing the signal or exciting voltage into the 
grid circuit, a means (the load) for taking 
power or amplified voltage from the plate 
circuit, and sources of supply for bias voltage, 
power for heating the cathode, and d.c. power 
for the plate circuit. A representative circuit 
for audio-frequency amplification is shown in 
Fig. 303. The signal is introduced into the grid 
circuit in series with the bias voltage by means 
of transformer 7, and 7's serves as a means for 
transferring the amplified signal from the 
plate circuit to the load. Battery supplies are 
indicated for simplicity. 
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Fig. 303 — A typical audio-frequency amplifier using 
a triode tube. 


A single amplifier such as is shown in Fig. 
303 is called an amplifier stage, and several 
such stages may be used in cascade, the output 
of one stage being fed to the grid circuit of the 
next, to provide large amounts of overall 
amplification. 

Load impedance — The load connected in 
the output or plate circuit of the tube is called 
the load impedance or load resistance, and 
designated R,. It is the device in which the 
power output of the tube is consumed. 
In some types of amplifiers the load is an 
actual resistance, but in most cases it is a 
resistive impedance; that is, it shows resistance 
for a.c. but not for d.c. This type of load can 
be obtained with a resonant circuit (§ 2-10) or 
by coupling through a transformer to a power- 
consuming device (§ 2-9). The impedance load 
has the advantage that there is no drop in 
d.c. plate voltage across the load as there 
would be in the case of the resistor, since 
the latter has the same resistance for d.c. as 
for a.c. 

In general, there will be one value of R, 
which will give optimum results for a given 
type of tube and set of operating voltages; 
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its value also depends upon the type of service 
for which the amplifier is designed. If the 
impedance of the actual device used is con- 
siderably different from the optimum load 
impedance, the tube and output device can be 
coupled through a transformer having a turns 
ratio such that the impedance reflected into 
the plate circuit of the tube is the optimum 
value (§ 2-9). 

Operating point and grid bias — As indi- 
cated in Fig. 302, the relationship between 
varying grid voltage and plate current will be 
determined by the grid bias (§ 3-2), which sets 
the operating point on the characteristic curve. 
The choice of operating point depends upon 
the type of service in which the tube is to be 
used. ; 

Distortion — With negative grid bias as 
shown in Fig. 302 the operating point comes 
in the middle of the linear region. If an alter- 
nating voltage (signal) is now applied to the 
grid in series with the grid bias, the grid voltage 
swings more and less negative about the mean 
bias voltage value and the plate current swings 
up (positive) and down (negative) about the 
mean plate current value. This is equivalent to 
an alternating current superimposed on the 
steady plate current. At this operating point 
it is evident that the plate current wave shapes 
(§ 2-7) are identical reproductions of the grid 
voltage wave shapes and will remain so as long 
as the grid voltage amplitude does not reach 
values sufficient to run into the lower- or 
upper-bend regions of the curve. If this occurs 
the output waves will be flattened or distorted. 
If the operating point is set towards the bottom 
or the top of the curve there will also be distor- 
tion of the output wave shapes because part or 
all of the lower or upper half-cycles will be cut 
off. 

Whenever the bias is adjusted so. that the 
tube works over a non-linear portion of its 
characteristic curve, distortion will take place 
and the output wave-form will not duplicate 
the wave-form of the voltage introduced at the 
grid. This characteristic of non-linearity of an 
amplifier is useful in some applications but is 
an undesirable feature in others. The distor- 
tion will take the form of harmonics added to 
the original wave (§ 2-7). If the exciting signal 
is a sine wave, the output wave, when distor- 
tion is present, will consist of the fundamental 
plus harmonics. 

Another type of distortion, known as fre- 
quency distortion, occurs when the amplifica- 
tion varies with the frequency of the a.c. volt- 
age applied to the grid circuit of the amplifier. 
It is not necessarily accompanied by harmonic 
distortion. It can be shown by a frequency re- 
sponse curve, or graph in which the relative 
amplification is plotted against frequency over 
the frequency range of interest. 


Voltage amplification — The ratio of the 
alternating output voltage derived from the 
plate circuit to the alternating voltage applied 
to the grid circuit is called the voliage amplifica- 
tion of the amplifier. A voltage amplifier is 
one in which this ratio is the primary con- 
sideration, rather than the power which may 
be taken from the output circuit. The load 
resistance for voltage amplification must be 
high to give a large voltage across its terminals. 

Power amplification — The ratio of output 
power to a.c. power consumed in the grid 
circuit (driving power) is called the power 
amplification of the amplifier. A power amplifier 
is one designed to deliver power to a load 
circuit, the voltage amplification being in- 
cidental. The power amplification ratio may be 
practically infinite in certain types of am- 
plifiers. The load impedance for power am- 
plification is selected either to give maximum 
power with minimum distortion or to give a 
desired value of plate efficiency. 

Plate efficiency — The ratio of output 
power to d.c. input power to the plate (plate 
current multiplied by plate voltage) is called 
the plate efficiency of the amplifier. Plate 
efficiency is generally low in amplifiers designed 
primarily for minimum distortion, but may 
be made quite high when distortion is per- 
missible. 

Power sensitivity — This is the ratio of 
output power to alternating grid voltage, and 
is ordinarily used in connection with amplifiers 
operating in such a way that no power is 
consumed in the grid circuit. The same term 
also is used frequently in connection with radio- 
frequency power amplifiers, but in this case has 
the same meaning as power amplification ratio, 
defined above. 

Phase relations in plate and grid circuits 
— When the exciting voltage on the grid has 
its maximum positive instantaneous value 
the plate current also is maximum (§ 3-2) so 
that the voltage drop across the impedance 
connected in the plate circuit likewise has 
its greatest value. The actual instantaneous 
voltage between plate and cathode is therefore 
minimum at the same instant, because it is 
equal to the d.c. supply voltage (which is 
unvarying) minus the voltage drop across the 
load impedance. Since the decrease in in- 
stantaneous plate voltage is negative in sense, 
this means that the alternating plate voltage 
is 180 degrees out of phase with the alternating 


grid voltage. Thus there is a phase reversal 


through an amplifier tube. 

Input capacity — When an alternating volt- 
age is applied between grid and cathode of the 
amplifier tube an alternating current flows in 
the small condenser formed by these elements 
(§ 3-2), just as it would in any other condenser 
(§ 2-8). Similarly, an alternating current also 
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flows in the condenser formed by the grid and 
plate, but since the instantaneous voltage be- 
tween these two elements is considerably larger 
than the signal voltage when the tube is am- 
plifying, the current in the grid-plate capacity 
is likewise larger than it would be were no am- 
plification taking place. Looked at from the grid 
circuit, the increased current is equivalent to an 
increase in input capacity of the tube, and the 
effective input capacity may be many times 
that which would be expected from considera- 
tion of the interelectrode capacities alone. The 
effective input capacity is proportional to the 
actual grid-plate capacity and to the voltage 
amplification. 

Feedback — Some of the amplified energy in 
the plate circuit can be coupled back into the 
grid circuit to be re-amplified, this process 
being called feedback. If the voltage induced 
in the grid circuit is in phase with the grid 
signal voltage, the feedback is called positive, 
and the resultant voltage is larger and hence 
the amplification is increased. Positive feed- 
back, usually called regeneration, can effec- 
tively increase the amplification of a stage 
many: times. If the fed-back voltage is op- 
posite in phase to the exciting voltage, the 
feedback is called negative and, since the 
resultant grid voltage is smaller, the amplifica- 
tion is decreased. Negative feedback is some- 
times called degeneration. 

Positive feedback is accompanied by a 
tendency to give maximum amplification at 
only one frequency, even though the input and 
output circuits may not otherwise be resonant. 
It therefore increases the selectivity of the 
amplifier and hence is used chiefly where high 
gain and sharpness of resonance are both 
wanted. 
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Fig. 304 — Parallel and push-pull amplifier connec- 
tions. 
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Negative feedback has the opposite char- 
acteristics. It tends to widen the frequency 
range of the amplifier, even with resonant 
input and output circuits. It also reduces 
distortion and makes the amplifier tube more 
tolerant of changes in load impedance. Hence 
it is used where low-distortion, wide frequency 
range amplification is wanted, as in some 
audio circuits, even though amplification is 
sacrificed. 

Parallel operation — When it is necessary 
to obtain more power output than one tube is 
capable of giving, without going to a larger 
tube structure, two or more tubes may be 
connected in parallel, in which case the similar 
elements in all tubes are connected together 
as shown in Fig. 304. The power output will 
then be in proportion to the number of tubes 
used; the exciting voltage required, however, 
is the same as for one tube. 

If the amplifier operates in such a way as 
to. consume power in the grid circuit, the grid 
power required also is in proportion to the 
number of tubes used. 

Push-pull operation — An increase in 
power output can be secured by connecting 
two tubes in push-pull, the grids and plates 
of the two tubes being connected to opposite 
ends of the circuit as shown in Fig. 304. A 
“balanced” circuit, in which the cathode re- 
turns are made to the midpoint of the input 
and output devices, is necessary with push- 
pull operation. At any instant the ends of the 
secondary winding of the input transformer, 
T, will be at opposite potentials with respect 
to the cathode connection, so the grid of one 
tube is swung positive at the same instant 
that the grid of the other is swung negative. 
Hence, in any push-pull-connected stage the 
voltages and currents of one tube are out 
of phase with those of the other tube. The 
plate current of one tube therefore is rising 
while the plate current of the other is falling, 
hence the name “push-pull.” In push-pull 
operation the even-harmonic (second, fourth, 
etc.) distortion is cancelled in the symmetrical 
plate circuit, so that for the same output the 


distortion will be less than with parallel oper-— 


ation. 

The exciting voltage measured between the 
two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the stage is twice that taken by 
either tube alone. 

The decibel — The ratio of the power levels 
at two points in a circuit such as an amplifier 
can be expressed in terms of a unit called the 
decibel, abbreviated db. The number of deci- 
bels is 10 times the logarithm of the power 
ratio, or 


Py 
db. = 10 log — 
b ONE s, 
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The decibel is a particularly useful unit be- 
cause it is logarithmic, and thus corresponds 
to the response of the human ear to sounds of 
varying loudness. One decibel is approximately 
the power ratio required to make a just no- 
ticeable difference in sound intensity. Within 
wide limits, changing the power by a given 
ratio produces the same apparent change in 
loudness regardless of the power level; thus 
if the power is doubled the increase is 3 db., 
or three steps of intensity; if it is doubled 
again, the increase is again 3 db., or three 
further distinguishable steps. Successive am- 
plications expressed in decibels can be added 
to obtain the overall amplification. 

A power loss also can be expressed in deci- 
bels. A decrease in power is indicated by a 
minus sign (e.g., — 7 db.), and increase in 
power by a plus sign (e.g.,°-+ 4 db.). Negative 
and positive quantities can be added numeri- 
cally. Zero db. indicates the reference power 
level, or a power ratio of 1. 

Applications of amplification — The ma- 
jor uses of vacuum tube amplifiers in radio 
work are to amplify at audio and radio fre- 
quencies (§ 2-7). The audio-frequency am- 
plifier is generally used to amplify without 
discrimination at all frequencies in a wide 
range (say from 100 to 3000 cycles for voice 
communication), and is therefore associated 
with non-resonant or untuned circuits which 
offer a uniform load over the desired range. 
The radio-frequency amplifier, on the other 
hand, is generally used to amplify selectively 
at a single radio frequency, or over a small 
band of frequencies at most, and is therefore 
associated with resonant circuits tunable to the 
desired frequency. 

An audio-frequency amplifier may be con- 
sidered a broad-band amplifier; most radio- 
frequency amplifiers are relatively narrow- 
band affairs. 

In audio circuits, the power tube or output 
tube in the last stage usually is designed to 
deliver a considerable amount of audio power, 
while requiring but negligible power from the 
input or exciting signal. To get the alternating 
voltage (grid swing) required for the grid of 
such a tube voltage amplifiers are used, em- 
ploying tubes of high » which will greatly 
increase the voltage amplitude of the signal. 
Voltage amplifiers are used in the radio- 
frequency stages of receivers as well as in 
audio amplifiers; power amplifiers are used in 
r.f. stages of transmitters. 


@3-4 CLASSES OF AMPLIFIERS 


Reason for classification — It is conven- 
ient to divide amplifiers into groups according 
to the work they are intended to perform, as 
related to the operating conditions necessary 
to accomplish the purpose. This makes identi- 


fication easy and obviates the necessity for 
giving a detailed description of the operation 
when specific operating data are not required. 

Class A— An amplifier operated as shown 
in Fig. 302 in which the output wave shape is a 
faithful reproduction of the input wave shape, 
is known as a Class-A amplifier. 

As generally used, the grid of a Class-A 
amplifier never is driven positive with respect 
to the cathode by the exciting signal, and never 
is driven so far negative that plate-current 
cut-off is reached. The plate current is con- 
stant both with and without grid excitation. 
The chief characteristics of the Class-A am- 
plifier are low distortion, low power output for 
a given size of tube, and a high power-amplifi- 
cation ratio. The plate efficiency (§ 3-3) is 
relatively low, being in the vicinity of 20 to 
35 percent at full output, depending upon the 
design of the tube and the operating conditions. 

Class-A amplifiers of the power type find 
application as output amplifiers in audio sys- 
tems. Class-A voltage amplifiers are found in 
the stages preceding the power stage in such 
applications, and as radio-frequency amplifiers 
in receivers. 

Class B — The Class-B amplifier is primar- 
ily one in which the output current, or alter- 
nating component of the plate current, is 
proportional to the amplitude of the exciting 
grid voltage. Since power is proportional to the 
square of the current, the power output of a 
Class-B amplifier is proportional to the square 
of the exciting grid voltage. 

The distinguishing operating condition in 
Class-B service is that the grid bias is set so 
that the plate current is relatively low without 
excitation; the exciting signal amplitude is 
such that the entire linear portion of the tube’s 
characteristic is used. Fig. 305 illustrates 
Class-B operation with the tube biased prac- 
tically to cut-off. In this operating condition 
plate current flows only during the positive 
half-cycle of excitation voltage. No plate cur- 
rent flows during the negative swing of the 
excitation voltage. The shape of the plate 
current pulse is essentially the same as that of 


the positive swing of the signal voltage. Since’ 


the plate current is driven up toward the 
saturation point, it is usually necessary for the 
grid to be driven positive with respect to the 
cathode during part of the grid swing. Grid 
current flows, therefore, and the driving source 
must furnish power to supply the grid losses. 

Class-B amplifiers are characterized by 
medium power output, medium plate effi- 
ciency (50% to 60% at maximum signal) and 
a moderate ratio of power amplification. At 
radio frequencies they are used as linear am- 
plifiers to raise the output power level in 
radiotelephone transmitters after modulation 
has taken place. 


Vides is a 
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Fig. 305 — Operation of the Class-B amplifier. 


For audio-frequency amplification two tubes 
must be used. The second tube, working alter- 
nately with the first, must be included so that 
both halves of the cycle will be present in the 
output. A typical method of arranging the 
tubes and circuit to this end is shown in Fig. 
306. The signal is fed to a transformer 7}, 
whose secondary is divided into two equal 
parts, with the tube grids connected to the 
outer terminals and the grid bias fed in at the 
center. A transformer 7’, with a similarly- 
divided primary is connected to the plates of 
the tubes. When the signal swing in the upper 
half of 7; is positive, Tube No. 1 draws plate 
current while Tube No. 2 is idle; when the 
lower half of 7; becomes positive, Tube No. 2 
draws plate current while Tube No. 1 is idle. 
The corresponding voltages induced in the 
halves of the primary of 7. combine in the 
secondary to produce an amplified reproduc- 
tion of, the signal wave-shape with negligible 
distortion. The Class-B amplifier is capable 
of delivering much more power for a given tube 
size than a Class-A amplifier. 

Class AB — The similarity between Fig. 306 
and the ordinary push-pull amplifier circuit 
(§ 3-3) will be noted. Actually the circuits are 
the same, the difference being in the method 
of operation. If the bias is adjusted so that the 
tubes draw a moderate value of plate current 
the amplifier will operate Class A at low signal 
voltages and more nearly Class B at high signal 
voltages. An amplifier so operated is called 
Class AB. The advantages of this method are 
low distortion at moderate signal levels and 
higher efficiency at high levels, so that rela- 
tively small tubes can be used to good advan- 
tage in audio power amplifiers. 

A further distinction can be made between 
amplifiers which draw grid current and those 
which do not. The Class-A B; amplifier draws 


no grid current and thus consumes no power 


from the driving source; the Class-A By am- 
plifier draws grid current at higher signal 
levels and power must therefore be supplied 
to its grid circuit. 

Class C— The Class-C amplifier is one op- 
erated so that the alternating component of 
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Fig. 306 — The Class-B audio amplifier, showing how 
the outputs of the two tubes are combined to give dis- 
tortionless amplification. 


the plate current is directly proportional to the 
plate voltage. The output power is therefore 
proportional to the square of the plate voltage. 
Other characteristics inherent to Class-C oper- 
ation are high plate efficiency, high power out- 
put, and a relatively low power-amplification 
ratio. 

The grid bias for a Class-C amplifier is 
ordinarily set at approximately twice the value 
required for plate current cut-off without grid 
excitation. As a result, plate current flows dur- 
ing only a fraction of the positive excitation 
cycle. The exciting signal should be of suffi- 
cient amplitude to drive the plate current to 
the saturation point, as shown in Fig. 307. 
Since the grid must be driven far into the posi- 
tive region to cause saturation, considerable 
numbers of electrons are attracted to the grid 
at the peak of the cycle, robbing the plate of 
some that it would normally attract. This 
causes the droop at the upper bend of the char- 
acteristic, and also causes the plate current 
pulse to be indented at the top, as shown. Al- 
though the output wave-form is badly dis- 
torted, at radio frequencies the distortion is 
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Fig. 307 — Class-C amplifier operation. 
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largely eliminated by the flywheel effect of the 
tuned output circuit. 

Although requiring considerable driving 
power because of the relatively large grid 
swing and grid-current flow, the high plate 
efficiency (ordinarily 70-75%) of the Class-C 
amplifier makes it an effective generator of 
radio-frequency power. 


@3-5 MULTIELEMENT AND SPECIAL- 
PURPOSE TUBES 


Radio-frequency amplification — In a ra- 
dio-frequency amplifier the input (grid) and 
output (plate) circuits must be tuned to the 
same frequency for maximum amplification and 
selectivity. If a triode tube is used in such an 
arrangement the feedback through the grid- 
plate capacity will sustain oscillation at radio 
frequencies (§ 3-7) so that the circuit becomes 
an oscillator rather than an amplifier. Although 
special circuits can be used to overcome oscilla- 
tion, it is preferable to use a tube in which 
such feedback is negligible. Such a tube can 
be made by inserting a second grid to act as 
an electrostatic shield between the control 
grid and plate and thus reduce the grid-plate 
capacity to a negligible value. The addition of 
the extra grid, called the screen grid or screen, 
makes the tube a tetrode, or four-element tube. 

The tetrode— The screen grid increases 
the amplification factor and plate resistance 
of the tube to values much higher than are at- 
tainable in triodes of practicable construction, 
although the mutual conductance is about 
the same as that of an equivalent triode. The 
screen grid is ordinarily operated at a lower 
positive potential than the plate, and is by- 
passed back to the cathode so that it has 
essentially the same a.c. potential as the cath- 
ode. 

Another type of tetrode, in which the elec- 
trostatic shielding provided by the second 
grid is purely incidental, is built for audio 
power output work. The second grid acceler- 
ates the flow of electrons from cathode to 
plate, and the structure has a higher power 
sensitivity (§ 3-3) than is possible with triodes. 

Secondary emission — When an electron 
travelling at appreciable velocity through a 
tube strikes the plate it dislodges other elec- 
trons which ‘‘splash” from the plate into the 
interelement space. This phenomenon is called 
secondary emission. In the triode, ordinarily 
operated with the grid negative with respect 
to cathode, these secondary electrons are re- 
pelled back into the plate and cause no dis- 
turbance. In the screen-grid tube, however, 
the positively charged screen grid attracts the 
secondary electrons, causing a reverse current 
to flow between screen and plate. The effect is 
particularly marked when the plate and screen 
potentials are nearly equal, which may be the 


case during part of the a.c. cycle when the 
instantaneous plate current is large and the 
plate voltage low (§ 3-3). 

The pentode — To overcome the effects of 
secondary emission a third grid, called the 
suppressor grid, can be inserted between the 
screen and plate. This grid is connected 
directly to the cathode and repels the rela- 
tively low-velocity secondary electrons back 
to the plate without obstructing to any 
appreciable extent the regular plate-current 
flow. Larger undistorted outputs therefore 
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Fig. 308— Symbols for pentode and tetrode tubes. 
H, heater; C, cathode; G, control grid; P, plate; S, screen 
grid; Sup., suppressor grid. 


can be secured from the pentode, or five-ele- 
ment tube. 

Pentode-type screen-grid tubes are used as 
radio-frequency voltage amplifiers, and in ad- 
dition can be used as audio-frequency voltage 
amplifiers to give high voltage gain per stage. 
Pentode tubes also are suitable as audio- 
frequency power amplifiers, having greater 
plate efficiency and power sensitivity than 
triodes. 

Beam tubes—A ‘‘beam” type tube is a 
tetrode incorporating a structure which forms 
the electrons travelling to the plate into con- 
centrated paths, resulting in higher plate ef- 
ficiency and power sensitivity. Suitable design 
also overcomes the effects of secondary emis- 
sion without the necessity for a suppressor 
grid. Tubes constructed on the beam principle 
are used in receivers as both r.f. and audio 
amplifiers, and are built in larger sizes for 
transmitting circuits. 

Variable-mu and sharp cut-off tubes — 
Receiving screen-grid tetrodes and pentodes 
for radio-frequency voltage amplification are 
made in two types, known as sharp cut-off 
and variable-u or ‘‘super-control”’ types. In 
the sharp cut-off type the amplification factor 
is practically constant regardless of grid bias, 
while in the variable-» type the amplification 
factor decreases as the negative bias is in- 
creased. The purpose of this design is to permit 
the tube to handle large signal voltages with- 
out distortion in circuits in which grid-bias 
control is used to vary the amplification. 

Multipurpose types — A number of com- 
bination types of tubes have been constructed 
to perform multiple functions, particularly in 
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receiver circuits. Among the simplest are full- 
wave rectifiers, combining two diodes in one 
envelope, and twin triodes, consisting of two 
triodes in one bulb for Class-B audio amplifica- 
tion. More complex types include duplex-diode 
triodes, duplex-diode pentodes, converters and 
mixers (for superheterodyne receivers), com- 
bination power tubes and rectifiers, and so on. 
In many cases the tube structure can be iden- 
tified by the name, and all the types are 
basically the same as the simpler element 
combinations already described. 

Mercury-vapor rectifiers — The power lost 
in a diode rectifier (§ 3-1) for a given plate 
current will be lessened if it is possible to de~- 
crease the plate-cathode voltage at which the 
current is obtained. If a small amount of 
mercury is put in the tube, the mercury will 
vaporize when the cathode is heated and, 
further, will ionize (§ 2-4) when plate voltage is 
applied. This neutralizes the space charge and 
reduces the plate-cathode voltage drop to a 
practically constant value of about 15 volts 
regardless of the value of plate current. Since 
this drop is much smaller than can be attained 
with purely thermionic conduction, there is 
less power loss in the rectifier. The constant 
voltage drop also is an advantage. Mercury- 
vapor tubes are widely used in power rectifiers. 

Grid-control rectifiers —If a grid is in- 
serted in a mercury-vapor rectifier it is found 
that with sufficient negative grid bias it is 
possible to prevent plate current from flowing 
if the bias is present before plate voltage is 
applied. However, if the bias is lowered to the 
point where plate current can flow, the mer- 
cury vapor will ionize and the grid loses control 
of plate current since the space charge is 
neutralized. It can assume control again only 
after the plate voltage is disconnected. The 
same phenomenon also occurs in triodes filled 
with other gases which ionize at low pressure. 
Grid-control rectifiers find considerable ap- 
plication in many circuits where ‘‘electronic 
switching” is desirable. 


@3-6 COMMON ELEMENTS IN VACUUM- 
TUBE CIRCUITS 


Types of cathodes — Cathodes are of two 
types, directly and indirectly heated. Directly- 
heated cathodes or filaments used in receiving 
tubes are of the oxide-coated type, consisting of 
a wire or ribbon of tungsten coated with cer- 
tain rare metals and earths which form an 


.oxide capable of emitting large numbers of 


electrons with comparatively little cathode- 
heating power. 

When directly-heated cathodes are operated 
on alternating current, the cyclic variation of 
current causes electrostatic and magnetic ef- 
fects which vary the plate current of the tube 
at supply-frequency rate and thus produce 
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hum in the output. Hum from this source is 
eliminated by the indirectly-heated cathode, 
consisting of a thin metal sleeve or thimble, 
coated with electron-emitting material, en- 
closing a tungsten wire which acts as a heater. 
The heater brings the cathode thimble to the 
proper temperature to cause electron emission. 
This type of cathode is also known as the equi- 
potential cathode, since all parts are at the 
same potential. 

Methods of obtaining grid bias — Grid 
bias may be obtained from a source of voltage 
especially provided for that purpose, as a 
battery or other type of d.c. power supply. 
This is indicated in Fig. 309-A. A second 
method is shown at B, utilizing a cathode 
resistor; plate current flowing through the 
resistor causes a voltage drop which, with the 
connections shown, has the right polarity to 
bias the grid negatively with respect to the 
cathode. The value of the resistor is deter- 
mined by the bias required and the plate cur- 
rent which flows at that value of bias, as found 
from the tube characteristic curves; with the 
voltage and current known, the resistance can 
be determined by Ohm’s Law (§ 2-6): 

_ EX 1000 

I, 
cathode bias resistor in ohms 
desired bias voltage 


total d.c. cathode current in milli- 
amperes. 


R. 


where R, 
E 


I. 


A Signal 


B Signal 
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Fig. 309 — Methods of obtaining grid bias. A, fixed 
bias; B, cathode bias; C, grid-leak bias. 
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Screen- and suppressor-grid currents should be 
included with the plate current in multi- 
element tubes to obtain the total cathode 
current, and also the control-grid current if the 
control grid is driven positive during operation. 
The a.c. component of plate current flowing 
through the cathode resistor will cause a volt- 
age drop which gives negative feedback into 
the grid circuit (§ 3-3) so to prevent this the 
resistor usually is by-passed (§ 2-13), C. being 
the cathode by-pass condenser. 

A third method is by use of a grid leak, R, 
in Fig. 309-C. This requires that the exciting 
voltage be positive with respect to the cathode 
during part of the cycle so that grid current 
will flow. The flow of grid current through 
the grid leak causes a voltage drop across the 
resistor which gives the grid a negative bias. 
The time constant (§ 2-6) of the grid leak and 
grid condenser should be large in comparison 
to the time of one cycle of the exciting voltage 
so that the grid bias will be substantially con- 
stant and will not follow the variations in 
a.c. grid voltage. For grid-leak bias, 


_ EF X 1000 
I, 
where R, = grid-leak resistance in ohms 
EF = desired bias voltage 
I, =d.c. grid current in milliamperes. 

When two tubes are operated in push-pull 
or parallel and use a common cathode- or grid- 
leak resistor, the value of resistance becomes 
one-half what it would be for one tube. 

Cathode circuits; filament center tap — 
When a filament-type cathode is heated by 
a.c. the hum introduced can be minimized by 
making the two ends of the filament have equal 
and opposite potentials with respect to a 
center point, usually grounded (§ 2-13), to 
which the grid and plate return circuits are 
connected. The filament transformer winding 
is frequently center-tapped for this purpose, as 
shown in Fig. 310-A. The same result can be 
secured with an untapped winding by sub- 
stituting a center-tapped resistor of 10 to 50 
ohms as at B. The by-pass condensers, Ci and 
Co, are used in radio-frequency circuits to 
avoid having the r.f. current flow through the 
transformer or resistor, either of which may 
have considerable reactance at radio frequen- 
cies. 

The filament supply for tubes with in- 
directly-heated cathodes sometimes is center- 
tapped for the same purpose; although fre- 
quently one side of the filament supply, and 
hence one terminal of the tube heater, is simply 
grounded. 


@3-7 OSCILLATORS 


Self-oscillation — If in an amplifier with 
positive feedback the feedback or regeneration | 
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Fig. 310 — Filament center-tap connections. 


(§ 3-3) is increased to a critical value, the tube 
will generate a continuous alternating current. 
This phenomenon, called oscillation, occurs 
when the power transferred between plate and 
grid circuits becomes large enough to overcome 
the circuit losses and the tube provides its own 
grid excitation. The power consumed is of 
course taken from the d.c. plate supply. 

It is not necessary to apply external excita- 
tion to such a circuit, since any random varia- 
tion in current, even though minute, will 
rapidly be amplified up to the proper value 
to cause oscillation. The frequency of oscilla- 
tion will be that at which losses are least which, 
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Fig. 311 — Oscillator circuits with magnetic feed- 
back. A, tickler circuit; B, Hartley circuit. 


( eles 


in the case of the resonant circuits usually 
associated with oscillators, is very nearly the 
resonant frequency of the circuit. 

Magnetic feedback — One form of feedback 
is by electromagnetic coupling between plate 
(output) and grid (input) circuits. Two repre- 
sentative circuits of this type are shown in 
Fig. 311. That at A is called the tickler circuit. 
The amplified current flowing in the ‘‘tickler,”’ 


' 


Le, induces a voltage in L; in the proper phase 


when the coils are connected as shown and 
wound in the same direction. The feedback 
can be adjusted by adjusting the coupling 
between LZ; and Lz. 

The Hartley circuit, B, is similar in principle. 
There is only one coil, but it is divided so that 
part of it is in the plate circuit and part in the 
grid circuit. The magnetic coupling between 
the two sections of the coil provides the feed- 
back, which can be adjusted by moving the 
tap on the coil. 
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Fig. 312 — Oscillator circuits with capacity feedback. 
A, Colpitts circuit; B, tuned-plate tuned-grid circuit; C, 
ultraudion circuit. 


Capacity feedback — The feedback can also 
be obtained through capacity coupling, as 
shown in Fig. 312. At A, the Colpitts circuit, 
the voltage across the resonant circuit is 
divided, by means of the series condensers, 
into two parts. The instantaneous voltages at 
the ends of the circuit are opposite in polarity 
with respect to the cathode, hence in the right 
phase to sustain oscillation. 
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The tuned-grid tuned-plate circuit at B 
utilizes the grid-plate capacity of the tube 
to provide feedback coupling. There should be 
no magnetic coupling between the two tuned- 
circuit coils. Feedback can be adjusted by 
varying the tuning of either the grid or plate 
circuit. The circuit with the higher Q (§ 2-10) 
determines the frequency of oscillation, al- 
though the two circuits must be tuned ap- 
proximately to the same frequency for 
oscillations to occur. 

The wliraudion circuit at C is equivalent to 
the Colpitts, with the voltage division for 
oscillation brought about through the grid- 
to-filament: and plate-to-filament capacities 
of the tube. In this and in the Colpitts circuit 
the feedback can be controlled by varying the 
ratio of the two capacities. In the ultraudion 
circuit this can be done by connecting a 
small variable condenser between grid and 
cathode. 

Crystal oscillators — Since a properly-cut 
quartz crystal is equivalent to a high-Q tuned 
circuit (§ 2-10) it may be substituted for a 
conventional circuit in an oscillator to control 
the frequency of oscillation. A simple crystal 
oscillator circuit is shown in Fig. 313. It will be 





=B. +B 


Fig. 313 — Simple crystal oscillator circuit. 


recognized as the tuned-plate-tuned-grid cir- 
cuit with the crystal substituted for the res- 
onant circuit in the grid. Many variations 
of this fundamental circuit are used in prac- 
tice. 

Series and parallel feed — A circuit such as 
the tickler circuit of Fig. 311-A is said to be 
series fed because the source of plate voltage and 
the r.f. plate circuit (the tickler coil) are con- 
nected in series, hence the d.c. plate current 
flows through the coil to the plate. A by-pass 
(§ 2-13) condenser, Cz, must be connected 
across the plate supply to shunt the radio- 
frequency current around the source of power. 
Other examples of series plate feed are shown 
in Figs. 312-B and 3138. 

In some cases the source of plate power must 
be connected in parallel with the tuned circuit 
in order to provide a path for direct current to 
the plate. This is illustrated by the Hartley 
circuit of Fig. 311-B where it would be im- 
possible to feed the plate current through the 
coil because there is a direct connection be- 
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tween the coil and cathode. Hence the voltage 
is applied to the plate through a radio-fre- 
quency choke which prevents the r.f. current 
from flowing to the plate supply and thus 
short-circuiting the oscillator. The blocking 
condenser Cy provides a low-impedance path 
for radio-frequency current flow but is an open 
circuit for direct current (§ 2-13). Other ex- 
amples of parallel feed are shown in Figs. 
312-A and 312-C. 

Values of chokes, by-pass and blocking con- 
densers are determined by the considerations 
outlined in § 2-13. 

Excitation and bias — The excitation volt- 
age required depends upon the characteristics of 
the tube and the losses in the circuit, including 
the power consumed in the load. In practically 
all oscillators the grid is driven positive during 
part of the cycle, so that power is consumed in 
the grid circuit (§ 3-2). This power must be 
supplied by the plate circuit. With insufficient 
excitation the tube will not oscillate; with 
too-high excitation the grid losses, or power 
consumed in the grid circuit, will be exces- 
sive. 

Oscillators are almost always grid-leak 
biased (§ 3-6), which not only takes advan- 
tage of the grid-current flow but also gives 
better operation since the bias adjusts itself to 
the excitation voltage available. 

Tank circuit — The resonant circuit asso- 
ciated with the oscillator is generally called 
the tank circuit. This name derives from the 
storage of energy associated with a resonant 
circuit of reasonably high Q (§ 2-10). It is 
applied to any resonant circuit in transmitting 
applications, whether used in an oscillator or 
amplifier. 

Power output — The power output of an 
oscillator is the useful a.c. power consumed 
in a load connected to the oscillator. The load 
may be coupled by any of the means described 
in § 2-11. 

Plate efficiency — The plate efficiency 
(§ 3-3) of an oscillator depends upon the load 
resistance, excitation, and other operating 
conditions, and usually is in the vicinity of 
50%. It is not as high as in the case of an 
amplifier, since the oscillator must supply its 
own grid losses, which are usually 10% to 20% 
of the output power. 

Frequency stability — The frequency sta- 
bility of an oscillator is its ability to maintain 
constant frequency in the presence of variable 
operating conditions. The more important 
factors which may cause a change in fre- 
quency are (1) plate voltage, (2) temperature, 
(3) loading, (4) mechanical variations of 
circuit elements. Plate-voltage variations will 
cause a corresponding instantaneous shift in 
frequency; this type of frequency shift is called 
dynamic instability. Temperature changes will 


cause tube elements to expand or contract 
slightly, thus causing variations in the inter- 
electrode capacities (§ 3-2), and since these are 
unavoidably part of the tuned circuit the 
frequency will change correspondingly. Tem- 
perature changes in the coil or condenser will 
change the inductance and capacity slightly, 
again causing a shift in the resonant frequency. 
Both these temperature effects are relatively 
slow in operation, and the frequency change 
caused by them is called drift. Load variations 
act in much the same way as plate voltage 
variations except when there is a temperature 
change in the load, when drift also may be 
present. Mechanical variations, usually caused 
by vibration, cause changes in inductance and/ 
or capacity which in turn cause the frequency 
to ‘‘wobble”’ in step with the vibration. 

Dynamic instability can be reduced by using 
a tuned circuit of high effective Q which means, 
since the tube and load represent a relatively 
low resistance in parallel with the circuit, that 
a low L/C ratio (‘‘high-C’’) must be used 
(§ 2-10), and that the circuit should be lightly 
loaded. Dynamic stability also can be im- 
proved by using a high value of grid leak, 
which gives high grid bias and raises the ef- 
fective resistance of the tube as seen by the 
tank circuit, and by using relatively high plate 
voltage and low plate current, which accom- 
plishes the same result. Drift can be minimized 
by using low d.c. input (for the size of tube), 
by using coils of large wire to prevent undue 
temperature rise, and by providing good 
ventilation to carry off heat rapidly. A low 
L/C ratio in the tank circuit also helps because 
the interelectrode capacity variations have 
proportionately less effect on the frequency 
when shunted by a large condenser. Special 
temperature-compensated components also 
can be used. Mechanical instability can be 
prevented by using well-designed components 
and insulating the oscillator from mechanical 
vibration. 

Negative-resistance oscillators — If a reso- 
nant circuit were completely free from losses, 
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Fig. 314 — Negative-resistance oscillator. This circuit, 
known as the “‘transitron,” requires that the screen be 
operated at a higher d.c. potential than the plate of the 
tube. _. : fe reer 
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Fig. 315 — The multivibrator circuit, or relaxation 
oscillator. 


a current once started would continue indefi- 
nitely; that is, sustained oscillations would 
occur. This condition can be simulated in prac- 
tice by cancelling the actual resistance in the 
circuit by inserting an equal or greater amount 
of negative resistance. Negative resistance is 
exhibited by any device showing an increase of 
current when the applied voltage is decreased, 
or vice versa. 

The vacuum tube can be made to show nega- 
tive resistance by a number of arrangements of 
electrode potentials. One circuit is shown in 
Fig. 314. Negative resistance is produced by 
virtue of the fact that as the suppressor grid of 
a pentode is given more negative bias, elec- 
trons normally passing through to the plate 
are turned back to the screen, thus increasing 
the screen current, and reversing normal tube 
action (§ 3-2). The negative resistance so pro- 
duced is sufficiently low so that ordinary 
tuned circuits will oscillate readily at fre- 
quencies up to 15 Mc. or so. 

The multivibrator — The type of oscillator 
circuit shown in Fig. 315 is known as the 
multivibrator, or relaxation oscillator. Two 
tubes are used with resistance coupling, the 


_ output of one tube being fed to the input cir- 


cuit of the other. The frequency of oscillation 
is determined by the time constants (§ 2-6) 
of the resistance-capacity combinations. The 
principle of oscillation is the same as in the 
feedback circuits already described, the second 
tube being necessary to obtain the proper 
phase relationship (§ 3-3) for oscillation when 
the energy is fed back. 

The multivibrator is a very unstable oscilla- 
tor, and for this reason its frequency readily 
can be controlled by a small signal of steady 


frequency introduced into the circuit. This 


phenomenon is called locking. Its output wave- 
shape is highly distorted, hence has high har- 
monic content (§ 2-7). A useful feature is that 
the multivibrator will lock with a frequency 
corresponding to one of its higher harmonics 
(the tenth harmonic is frequently used) and it 
can therefore be used as a frequency divider. 
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e3-8 CATHODE-RAY TUBES 


Principles — The cathode-ray tube is a 
vacuum tube in which the electrons emitted 
from a hot cathode are accelerated to give them 
considerable velocity, formed into a beam, and 
allowed to strike a special translucent screen 
which fluoresces, or gives off light at the point 
where the beam strikes. A narrow beam of mov- 
ing electrons is similar to a wire carrying cur- 
rent (§ 2-4) and is accompanied by electrostatic 
and electromagnetic fields. Hence it can be de- 
flected (have its direction changed) by applica- 
tion of external electrostatic or magnetic fields 
which exert a force on the beam in the same 
way as similar fields do on charged bodies or on 
wires carrying current (§ 2-3, 2-5). Since the 
beam consists only of moving electrons, its 
weight and inertia are negligibly small, hence 
it can be deflected easily and without any 
appreciable time lag. For this reason it can 
be made to follow instantly the variations in 
fields which are changing periodically at very 
high radio frequencies. 

Electron gun — The electrode arrangement 
which forms the electrons into a beam is called 
the electron gun. In the simple tube structure 
shown in Fig. 316, the gun consists of the 
cathode, grid, and anodes Nos. 1 and 2. The in- 
tensity of the electron beam is regulated by the 
grid in the same way as in an ordinary tube 
(§ 3-2). Anode No. 1 is operated at a positive 
potential with respect to the cathode, thus 
accellerating the electrons which pass through 
the grid, and is provided with small apertures 
through which the electron stream passes and is 
concentrated into a narrow beam. This anode 
is also known as the focusing electrode. Anode 
No. 2 is operated at a high positive potential 
with respect to cathode and further increases 
the velocity of the electrons in the beam. The 
electron velocity and sharpness of the beam are 
determined by the relative voltages on the 
electrodes. In some tubes a second grid is in- 
serted between the control grid and anode No. 
1 to provide additional accelleration of the 
electrons. 

Methods of deflection—The gun alone 
simply produces a small spot on the screen, 
but when the beam is deflected by either mag- 
netic or electrostatic fields the spot moves 
across the screen in proportion to the force ex- 
erted. When the motion is sufficiently rapid, 
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Fig. 316 — Arrangement of elements in the cathode-ray 


tube with electrostatic beam deflection. 
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retentivity of vision makes the path of the mov- 
ing spot (trace) appear to be a continuous line. 

Electrostatic deflection, generally used in 
the smaller tubes, is produced by deflection 
plates. Two sets of plates are placed at right 
angles to each other, as indicated in Fig. 316. 
The fields are created by applying suitable volt- 
ages between the two plates of each pair. Usu- 
ally one plate of each pair is connected to anode 
No. 2 to establish the polarities (§ 2-3) of the 
fields with respect to the beam and to each 
other. 

Tubes intended for magnetic deflection have 
the same type of gun, but have no deflection - 
plates. Instead, the deflecting fields are set up 
by means of coils corresponding to the plates 
in tubes having electrostatic deflection. The 
coils are external to the tube but are mounted 
close to the glass envelope in the same rela- 
tive positions occupied by the electrostatic 
deflection plates. 

The beam deflection caused by a given 
change in the field intensity is called the de- 
flection sensitivity. With electrostatic-deflection 
tubes it is usually expressed in millimeters per 
volt, which gives the linear movement of the 
spot on the screen as a function of the voltage 
applied to a set of deflecting plates. Values 
range from about 0.1 to 0.6 mm/volt, depend- 
ing upon the tube construction and gun elec- 
trode voltages. The sensitivity is decreased by 
an increase in anode No. 2 voltage. 

Fluorescent screens— The fluorescent screen 
materials used have varying characteristics ac- 
cording to the type of work for which the tube 
is intended. The spot color is usually green, 
white, yellow or blue, depending upon the 
screen material. The persistence of the screen 
is the time duration of the afterglow which 
exists when the excitation of the electron beam 
is removed. Screens are classified as long-, me- 
dium- and short-persistence. Small tubes for 
oscilloscope work are usually provided with 
medium-persistence screens having greenish 
fluorescence. 

Tube circuits — A representative cathode- 
ray tube circuit with electrostatic deflection is 
shown in Fig. 317. One plate of each pair of de- 
flecting plates is connected to anode No. 2. 
Since the voltages required are normally rather 
high, the positive terminal of the supply is 
usually grounded (§ 2-13) so that the common 
deflection plates will be at ground poten- 
tial. This places the cathode and other ele- 
ments at high potentials above ground, 
hence these elements must be well insu- 
lated. The various electrode voltages are 
obtained from a voltage divider (§ 2-6) 
across the high-voltage d.c. supply. R3 is a 
variable divider or ‘‘ potentiometer” for ad- 
justing the negative bias on the control 
grid and thereby varying the beam cur- 
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Fig. 317 — Cathode-ray tube circuit. Typical values 
for a three-inch (screen-diameter) tube such as the type 
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Ri, Re — 1 to 10 megohms. 
Rs — 20,000-ohm potentiometer. 
R4 — 0.2-megohm potentiometer. 
Rs — 0.5 megohm. 
The high-voltage supply should furnish about 1300 
volts d.c. 


rent; it-is called the intensity or brightness 
control. The focus, or sharpness of the luminous 
spot formed on the screen by the beam, is con- 
trolled by R4, which changes the ratio of anode 
No. 2 to anode No. 1 voltage. The focusing and 
intensity controls interlock to some extent, and 
the sharpest focus is obtained by keeping the 
beam current low. 

Deflecting voltages for the plates are applied 
to the terminals marked ‘‘input voltage,” Ry 
and fe, being high resistances (1 megohm or 
more) to drain off any accumulation of charge 
on the deflecting plates. Usually some provision 
is made to place an adjustable d.c. voltage on 
each set of plates so that the spot can be 
“centered” when stray electrostatic or mag- 
netic fields are present; the adjustable voltage 
simply is set to neutralize such fields. 

The tube is mounted so that one set of plates 
produces a horizontal line when a varying volt- 
age is applied to it, while the other set of plates 
produces a vertical line under similar condi- 
tions. They are called, respectively, the “ hori- 
zontal”? and ‘‘vertical’’ plates, but which set 
of actual plates produces which line is sim- 
ply a matter of how the tube is mounted. 
It is usually necessary to provide a mount- 
ing which can be rotated to some extent so 
that the lines will actually be horizontal and 
vertical. 

Power supply — The d.c. voltage required 
for operation of the tube may vary from 500 
volts for the miniature type (1l-inch diameter 
screen) to several thousand for the larger tubes. 
The current, however, is very small, so that 
the power required is likewise small. Because 
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of the small current requirements a rectified 
a.c. supply with half-wave rectification (§ 8-3) 
and a single 0.5 to 2-ufd. condenser as a filter 
(§ 8-5) is satisfactory. 


@3-9 THE OSCILLOSCOPE 


Description — An oscilloscope is essentially 
a cathode-ray tube in the basic circuit of Fig. 
317, but with provision for supplying a suitable 
deflection voltage on one set of plates, ordi- 
narily those giving horizontal deflection. The 
deflection voltage is called the sweep. Oscillo- 
scopes are frequently also equipped with 
vacuum-tube amplifiers for increasing the am- 
plitude of small a.c. voltages to values suitable 
for application to the deflecting plates. These 
amplifiers are ordinarily limited to operation 
in the audio-frequency range, and hence cannot 
be used at radio frequencies. 

Formation of patterns — When periodi- 
cally-varying voltages are applied to the two 
sets of deflecting plates the path traced by the 
fluorescent spot forms a pattern which is sta- 
tionary so long as the amplitude and phase re- 
lationships of the voltages remain unchanged. 
Fig. 318 shows how such patterns are formed. 
The horizontal sweep voltage is assumed: to 
have the ‘‘sawtooth’”’ waveshape indicated; 
with no voltage applied to the vertical plates, 
the trace would simply sweep from left to 
right across the screen along the horizontal 
axis X—X/ until the instant H is reached, when 
it reverses direction and returns to the starting 
point. The sine-wave voltage applied to the 
vertical plates would similarly trace a line 
along the axis Y—-Y’ in the absence of any de- 
flecting voltage on the horizontal plates. How- 
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Fig. 318 — Showing the formation of the pattern from 
the horizontal and vertical sweep voltages. 
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ever, when both voltages are present the posi- 
tion of the spot at any instant depends upon 
the voltages on both sets of plates at that in- 
stant. Thus at time B the horizontal voltage 
has moved the spot a short distance to the 
right and the vertical voltage has similarly 
moved it upward, so that it reaches the actual 
position B’ on the screen. The resulting trace 
is easily followed from the other indicated 
positions, which are taken at equal time in- 
tervals. 

Types of sweeps — A horizontal sweep-volt- 
age waveshape such as that shown in Fig. 318 
is Galled a linear sweep, because the deflection 
in the horizontal direction is directly propor- 
tional to time. If the sweep were perfect, the 
“‘fly-back”’ time, or time taken for the spot to 
return from the end (H) to the beginning (I or 
A) of the horizontal trace would be zero, so that 
the line HI would be perpendicular to the axis 
Y-Y’. Although the fly-back time cannot be 
made zero in practicable sweep-voltage gener- 
ators, it can be made quite small in comparison 
to the time of the desired trace AH, at least at 
most frequencies within the audio range. The 
fly-back time is somewhat exaggerated in Fig. 
318 to show its effect on the pattern. The line 
HT’ is called the return trace; with a linear 
sweep it is less brilliant than the pattern be- 
cause the spot is moving much more rapidly 
during the fly-back time than during the time 
of the main trace. If the fly-back time is short 
enough the return trace will be invisible. 

The linear sweep has the advantage that it 
shows the shape of the wave applied to the 
vertical plates ia the same way in which it is 
usually represented graphically (§ 2-7). By 
making the sweep time equal to a multiple of 
the time of one cycle of the a.c. voltage applied 
to the vertical plates, several cycles of the 
vertical or signal voltage will appear in the 
pattern. The shape of only the last cycle to 
appear will be affected by the fly-back in such 
acase. Although the linear sweep is generally 
most useful, other waveshapes may be desira- 
ble for certain purposes. The shape of the pat- 
tern obviously will depend upon the shape of 
the horizontal sweep voltage. If the horizontal 
sweep is sinusoidal, the main and return sweeps 
each occupy the same time, and the spot moves 
faster horizontally in the.center of the pattern 
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than it does at the ends. If two sinusoidal volt- 
ages of the same frequency are applied to both 
sets of plates, the resulting pattern may be a 
straight line, an ellipse or a circle, depending 
upon the amplitude and phase relationships. 
If the frequencies are harmonically related 
(§ 2-7) a stationary pattern will result, but 
if one frequency is not an exact harmonic of 
the other the pattern will show continuous 
motion. This is also the case when a linear 
sweep circuit is used; the sweep frequency 
and the frequency under observation must be 
harmonically related or the pattern will not be 
stationary. 

Sweep circuits — A sinusoidal sweep is easi- 
est to obtain, since it is possible to apply a.c. 
voltage from the power line directly or through 
a suitable transformer to the horizontal plates. 
A variable voltage divider can be used to regu- 
late the width of the horizontal trace. 

A typical circuit for a linear sweep is shown 
in Fig. 319. The tube is a gas triode or grid- 
control rectifier (§ 3-5). The breakdown volt- 
age, or plate voltage at which the tube ionizes 
and starts conducting, is determined by the 
grid bias. When plate voltage is applied, the 
voltage across Cj rises, as it acquires a charge 
through fi, until the breakdown voltage is 
reached, when the condenser discharges rapidly 
through the comparatively low plate-cathode 
resistance of the tube. When the voltage drops 
to a value too low to maintain plate-current 
flow, the ionization is extinguished and Cy 
once more charges through R,. If FR is large 
enough, the voltage across Cy; rises linearly 
with time up to the breakdown point. This 
voltage is used for the sweep, being coupled to 
the cathode-ray tube or to an amplifier through 
Co. The fly-back is the time required for dis- 
charge through the tube, and to keep it small 
the resistance during discharge must be as low 
as possible. 

To obtain a stationary pattern, the ‘‘saw- 
tooth” frequency can be controlled by varying 
C; and Ry, and by introducing some of the 
voltage to be observed (on the vertical plates) 
into the grid circuit of the tube. This voltage 
“triggers”? the tube into operation in syn- 
chronism with the signal frequency. Synchro- 
nizing will occur even though the signal fre- 
quency is a multiple of the sweep frequency, 


Fig. 319 — A linear sweep-oscillator circuit, 


Ci — 0.001 to 0.25 ufd. 

Ce — 0.5 pfd. Cz — 0.1 ufd. 

C4 — 25 ufd., 25-volt electrolytic. 

Ri — 0.3 to 1.5 megohms. 

Rz— 2000 ohms. Ra — 25,000 ohms. 

R3 — 0.25 megohm. Rs — 0.1 megohm. 
“B” supply should deliver 300 volts. C1 and Ri are 
proportioned to give suitable sweep frequency; the 
higher the time constant (§ 2-6) the lower the frequency. 
Raz ia a protective resistor to limit grid-current flow dur- 
ing the deionizing period, when positive ions are at- 
tracted to the negative grid. 


provided the circuit constants and the ampli- 
tude of the synchronizing voltage are properly 
adjusted. 

The voltage output of the type of circuit 
shown in Fig. 319 is limited because the charg- 
ing rate of the condenser is linear only on that 
portion of the logarithmic charging curve 
(§ 2-6) which is practically a straight line. A 
linear charging rate over a longer period of 
time can be secured by substituting a current- 
limiting device, such as a properly-adjusted 
vacuum tube, for Ry. 

Amplifiers — The usefulness of the oscil- 
loscope is enhanced by providing amplifiers for 
both the horizontal and vertical sweep volt- 
ages, thereby insuring that sufficient voltage 
will be available at the deflection plates to give 
a pattern of suitable size. With small oscillo- 
scope tubes (83-inch and smaller screens) the 
voltage required for a deflection of one inch 
varies from about 30 to 100 volts, depending 
upon the anode voltages, so that an amplifier 
tube capable of an undistorted peak output 
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voltage of 100 or so is necessary. (With such an 
amplifier the voltage difference, or total volt- 
age ‘‘swing”’, between the positive and nega- 
tive peaks is 200 volts.) A resistance-coupled 
voltage amplifier (§ 3-3) having a pentode tube 
is ordinarily used because of the high stage 
gain obtainable, and the amplifier should be 
designed to have good frequency response over 
as wide a range of audio frequencies as possible 
(§ 5-9). Since a voltage gain of 100 to 150 or’ 
more is readily obtainable, full deflection of 
the beam can be secured with an input of one 
volt or less with such an amplifier. 

Constructional considerations — An os- 
cilloscope should be housed in a metal cabinet, 
both to shield the tube from stray electromag- 
netic and electrostatic fields which might de- 
flect the beam, and also to protect the operator 
from the high voltages associated with the 
tube. It is good practice to provide an inter- 
lock switch which automatically disconnects 
the high-voltage supply when the cabinet is 
opened for servicing or other reasons. 


CHAPTER THREE 5 


CHAPTER FOUR 


Kadio- Frequency 


e4-] TRANSMITTER REQUIREMENTS 

General Requirements — The power out- 
put of a transmitter must be as stable in fre- 
quency and as free from spurious radiations as 
the state of the art permits. The steady r.f. 
output, called the carrier (§ 5-1), must be free 
from amplitude variations attributable to rip- 
ple from the plate power supply (§ 8-4) or 
other causes, its frequency should be unaf- 
fected by variations in supply voltages or in- 
advertent changes in circuit constants, and 
there should be no radiations on other than 
the intended frequency. The degree to which 
these requirements can be met depends upon 
the operating frequency. 

Design principles — The design of the 
transmitter depends on the output frequency, 
the required power output, and the type of 
operation (c.w. telegraphy or ’phone). For 
c.w. operation at low power on medium-high 
frequencies (up to 7 Me. or so) a simple crystal 
oscillator circuit can meet the requirements 
satisfactorily. However, the stable power out- 
put which can be taken from an oscillator is 
limited, so that for higher power the oscillator 
is used simply as a frequency-controlling ele- 
ment, the power being raised to the desired 
level by means of amplifiers. The requisite fre- 
quency stability can be obtained only when 
the oscillator is operated on relatively low fre- 
quencies, so that for output frequencies up to 
about 60 Me. it is necessary to increase the os- 
cillator frequency by multiplication (harmonic 
generation — § 3-3), which is usually done at 
fairly low power levels and before the final 
amplification. An amplifier which delivers 
power on the frequency applied to its grid cir- 
cuit is known as a straight amplifier; one which 
gives harmonic output is known as a frequency 
multiplier. An amplifier used principally to 
isolate the frequency-controlling oscillator 
from the effects of changes in load or other va- 
riations in following amplifier stages is called a 
buffer amplifier. A complete transmitter there- 
fore may consist of an oscillator followed by 
one or more buffer amplifiers, frequency multi- 
pliers, and straight amplifiers, the number 
being determined by the output frequency and 
power in relation to the oscillator frequency 
and power. The last amplifier is called the final 
amplifier, and the stages up to the last com- 
prise the exciter. Transmitters are usually de- 
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signed to work in a number of frequency bands, 
so that means for changing the frequency of 
resonant circuits in harmonic steps usually is 
provided, generally by means of plug-in in- 
ductances. 

The general method of designing a transmit- 
ter is to decide upon the power output and the 
highest output frequency required, and also 
the number of bands in which the transmitter 
is to operate. The latter usually will determine 
the oscillator frequency, since it is general 
practice to set the oscillator on the lowest fre- 
quency band to be used. The oscillator fre- 
quency is seldom higher than 7 Me. except in 
some portable installations where tubes and 
power must be conserved. A suitable tube (or 
pair of tubes) should be selected for the final 
amplifier and the grid driving power required 
determined from the tube manufacturer’s data. 
This sets the power required from the preced- 
ing stage. From this point the same process is 
followed back to the oscillator, including fre- 
quency multiplication wherever necessary. 
The selection of a suitable tube complement 
requires knowledge of the operating character- 
istics of the various types of amplifiers and os- 
cillators. These are discussed in the following 
sections. 

At 112 Me. and above the ordinary methods 
of transmitter design become rather cumber- 
some, although it is possible to use them with 
proper choice of tubes and other components. 
However, in this ultra-high-frequency (§ 2-7) 
region the requirements imposed are less se- 
vere, since the limited transmission range 
(§ 9-5) mitigates the interference conditions 
that determine the requirements on the long- 
distance lower frequencies. Hence simple os- 
cillator transmitters are widely used. 

Vacuum tubes — The type of tube used in 
the transmitter has an important effect on the 
circuit design. Tubes of high power sensitivity 
(§ 3-3) such as pentodes and beam tetrodes, 
give larger power amplification ratios per stage 
than do triodes, hence fewer tubes and stages 
may be used to obtain the same output power. 
On the other hand, triodes have certain oper- 
ating advantages such as simpler power sup- 
ply circuits and relatively simpler adjustment 
for modulation (§ 5-3), and in addition are 
considerably less expensive for the same power 
output rating. Consequently it is usually more 


economical to use triodes as output amplifiers 
even though an extra low-power amplifier 
stage may be necessary. 

At frequencies in the region of 56 Me. and 
above it is necessary to select tubes designed 
particularly for operation at ultra-high fre- 
quencies, since tubes built primarily for the 
lower frequencies may work poorly or not at 
all. 
@4-2 SELF-CONTROLLED 
OSCILLATORS 


Advantages and _ disadvantages — The 
chief advantage of a self-controlled oscillator 
is that the frequency of oscillation is deter- 
mined by the constants of ‘the tuned circuit, 
and hence readily can be set to any desired 
value. However, extreme care in design and 
adjustment are essential to secure satisfactory 
frequency stability (§ 3-7). Since frequency 
stability is generally poorer as the load on the 
oscillator is increased, the self-controlled os- 
cillator should be used purely to control fre- 
quency and not for the purpose of obtaining 
appreciable power output, in transmitters in- 
tended for working below 60 Me. 

Oscillator circuits — The inherent stability 
of all of the oscillator circuits described in 
§ 3-7 is about the same, since stability is more 
a function of choice of proper circuit values and 
adjustment than of the method by which 
feedback is obtained. However, some circuits 
are more convenient to use than others, par- 
ticularly from the standpoint of feedback ad- 
justment, mechanical considerations (whether 
the tuning condenser rotor plates can be 
grounded or not, etc.), and uniform output 
over a considerable frequency range. All sim- 
ple circuits suffer from the fact that the power 
output must be taken from the frequency- 
determining tank circuit, so that aside from 
the effect of loading on frequency stability, 
the following amplifier stage also can react on 
the oscillator in such a way as to change the 
frequency. 

The _ electron-coupled oscillator — The 
effects of loading and coupling to the next 
stage can be greatly reduced by use of the 
electron-coupled circuit, in which a screen-grid 
tube (§ 38-5) is so connected that its screen 
grid is used as a plate, in connection with the 
control grid and cathode, in an ordinary 
triode oscillator circuit. The screen is operated 
at ground r.f. potential (§ 2-138) to act as a shield 
between the actual plate and the cathode and 
control grid; the latter two elements must 
therefore be above ground potential. The out- 
put is taken from the plate circuit. Under these 
conditions the capacity coupling (§ 2-11) be- 
tween the plate and other ungrounded tube 
elements is quite small, hence the output 
power is secured almost entirely by variations 
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Fig. 401 — Electron-coupled oscillator circuit. For 
maximum stability the grid leak, Ri, should be 100,000 
ohms or more. The grid condenser should be of the order 
of 100 uufd., other fixed condensers from 0.002 yfd. to 
0.1 ufd. Proper values for Re and R3 may be determined 
from § 8-10. For maximum isolation between oscillator 
and output circuits, the tube should have extremely 
low grid-plate capacity. 


in the plate current caused by the varying 
potentials on the grid and cathode. Since in a 
screen-grid tube the plate voltage has a rela- 
tively small effect on the plate current, the re- 
action on the oscillator frequency for different 
conditions of loading is small. 

It is generally most convenient to use a 
Hartley (§ 3-7) circuit in the frequency-deter- 
mining part of the oscillator. This is shown in 
Fig. 401, where L,C; is the oscillator tank cir- 
cuit. The screen is grounded for r.f. through a 
by-pass condenser (§ 2-13) but has the usual 
d.c. potential. The cathode connection is made 
to a tap on the tank coil to provide feedback. 
In the plate circuit a resonant circuit, [.C2, 
can be connected as shown at A; it may be 
tuned either to the oscillation frequency or to 
one of its harmonics. Untuned output coupling 
is shown at B; with this method the output 
voltage and power are considerably lower than 
with a tuned plate circuit, but better isolation 
between oscillator and amplifier is secured. 

If the oscillator tube is a pentode with an 
external suppressor connection the suppressor 

‘grid should be grounded, not connected to 
cathode. This provides additional internal 
shielding and further isolates the plate from 
the frequency-determining circuit. 

Factors influencing stability — The causes 
of frequency instability and the necessary 
remedial steps have been discussed in § 3-7. 
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These apply to all oscillators. In addition, 
in the electron-coupled oscillator the ratio of 
plate to screen voltage has an important ef- 
fect on the stability with changes in supply 
voltage; the optimum ratio is generally of the 
order of 3:1 but should be determined experi- 
mentally for each case. Since the cathode is 
above ground potential, means should be taken 
to reduce the effects of heater-to-cathode 
capacitance or leakage, which by allowing a 
small a.c. voltage from the heater supply to 
develop between cathode and ground may 
cause modulation (§ 4-1) at the supply fre- 
quency. This effect, which is usually appre- 
ciable only at 14 Me. and higher, may be 
reduced by by-passing of the heaters as indi- 
cated in Fig. 401 or by operating the heater at 
the same r.f. potential as the cathode. The lat- 





Fig. 402 — Method of operating the heater at cathode 
r.f. potential in an electron-coupled oscillator. Le should 
have the same number of turns as the part of Li between 
ground and the cathode tap, and should be closely 
coupled to Li (preferably interwound). By-pass con- 
denser C should be 0.01 to 0.1 pfd. 


ter may be accomplished by the wiring ar- 
rangement shown in Fig. 402. 

Tank circuit Q@— The most important 
single factor in determining frequency stabil- 
ity is the Q of the oscillator tank circuit. The 
effective Q must be as high as possible for best 
stability. Since oscillation is accompanied by 
grid-current flow, the grid-cathode circuit 
constitutes a resistance of load of appreciable 
proportions, the effective resistance being low 
enough to be the determining factor in estab- 
lishing the effective parallel impedance of the 
tank circuit. Consequently, if the ends of the 
tank are connected to plate and grid, as is 
usual, a high effective Q can be obtained only 
by decreasing the L/C ratio and making the 
inherent resistance in the tank as low as pos- 
sible. The tank resistance can be decreased by 
using low-loss insulation on condensers and 
coils, and by winding the coil with large wire. 
With ordinary construction the optimum tank 
capacity is of the order of 500 to 1000 wufd. at 
a frequency of 3.5 Me. 

The effective circuit Q can be raised by in- 
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creasing the resistance of the grid circuit and 
thus decreasing the loading. This can be ac- 
complished by reducing the oscillator grid 
current, by using minimum feedback to main- 
tain stable oscillation and by using a high value 
of grid-leak resistance. 

A high-Q tank circuit can also be obtained 
with a higher L/C ratio by “‘tapping down” 
the tube connections on the tank (§ 2-10). 
This is advantageous in that a coil with higher 
inherent Q can be used; also, the circulating 
r.f. current in the tank circuit is reduced so 
that drift from coil heating is decreased. How- 
ever, the circuit is complicated to some extent 
and the taps may cause parasitic oscillations 
to be set up (§ 4-10). 

Plate supply — Since the osciilator fre- 
quency will be affected to some extent by 
changes in plate supply voltage, it is necessary 
that the latter be free from ripple (§ 8-4) which 
would cause frequency variations at the ripple- 
frequency rate (frequency modulation). It is also 
advantageous to use a voltage-stabilized power 
supply (§ 8-8). Since the oscillator is usually 
operated at low voltage and current, gaseous 
regulator tubes are quite suitable. 

Power level — The self-controlled oscillator 
should be designed purely for frequency con- 
trol and not to give appreciable power output, 
hence small tubes of the receiving type may be 
used. The power input is ordinarily not more 
than a watt or two, subsequent buffer ampli- 
fiers being used to increase the power to the 
desired level. The use of receiving tubes is 
advantageous mechanically, since the small 
elements are less susceptible to vibration and 
are usually securely braced to the envelope. 

Oscillator adjustment — The adjustment 
of an oscillator consists principally in observ- 
ing the design principles outlined in the pre- 
ceding paragraphs. Frequency stability should 
be checked with the aid of a stable receiver, or 
an auxiliary crystal oscillator may be used as a 
standard for checking dynamic stability and 
drift, the self-controlled oscillator being ad- 
justed to approximately the same frequency 
so that an audio-frequency beat (§ 2-13) can 
be obtained. If it is possible to vary the oscil- 
lator plate voltage (an adjustable resistor of 
50,000 or 100,000 ohms in series with the plate 
supply lead will give considerable variation) 
the change in frequency with change in plate 
voltage may be observed and the operating 
conditions varied until minimum frequency 
shift results. The principal factors affecting 
dynamic stability will be the tank circuit 
L/C ratio, the grid-leak resistance, and the 
amount of feedback. In the electron-coupled 
circuit the latter may be adjusted by changing 
the position of the cathode tap on the tank 
coil; this adjustment is quite important in its 
effect on the frequency stability. 


Drift may be checked by allowing the oscil- 


lator to operate continuously from a cold start,’ 


the frequency change being observed at reg- 
ular intervals. Drift may be minimized by us- 
ing less than the rated power input to the plate 
of the tube, by construction which prevents 
tube heat from reaching the tank circuit ele- 
ments, and by use of large wire in the tank coil 
to reduce temperature rise from internal heat- 
ing. 

In the electron-coupled oscillator having a 
tuned plate circuit (Fig. 401-A) resonance at 
the fundamental and harmonic frequencies of 
the oscillator portion of the tube will be indi- 
cated by a dip in plate current as the plate 
tank condenser is varied. This dip should be 
rather marked at the fundamental, but will be 
less so on harmonic frequencies. 


@4-3 PIEZO-ELECTRIC CRYSTALS 


Characteristics — Piezo-electric crystals 
(§ 2-10) are universally used for controlling 
the frequency of transmitting oscillators be- 
cause the extremely high Q of the crystal and 
the necessarily loose coupling between it and 
the oscillator tube make the frequency stabil- 
ity of a crystal-controlled oscillator very high. 
Active plates may be cut from a raw crystal at 
various angles to its electrical, mechanical and 
. optical axes, resulting in differing characteris- 
tics as to thickness, frequency-temperature 
coefficient, power-handling capabilities, ete. 
The commonly used cuts are designated as 
X, Y, AT, V, and LD. 

The ability to adhere closely to a known fre- 
quency is the outstanding characteristic of a 
crystal oscillator. This is also its disadvan- 
tage, in that the oscillator frequency can be 
changed appreciably only by using a number 
of crystals. 

Frequency -thickness ratio — Crystals 
used for transmitting purposes are so cut 
that the thickness of the crystal is the fre- 
quency-determining factor, the length and 
width of the plate being of relatively minor im- 
portance. For a given crystal cut, the ratio 
between thickness and frequency is a con- 
stant; that is, . 


fa 


where F is the frequency in megacycles and ¢ 
is the thickness of the crystal in thousandths 
of an inch. For the X-cut, k = 112.6; for the 
Y-cut, & = 77.0; for the AT-cut, k = 66.2. 

At frequencies above the 7-Mc. region the 
crystal becomes very thin and correspondingly 
fragile, so that crystals are seldom manufac- 
tured for operation much above this frequency. 
Direct crystal control on 14 and 28 Me. is se- 
cured by use of ‘‘harmonic”’ erystals, which 
are ground to be active oscillators when ex- 
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cited at the third harmonic of the frequency 
represented by their thickness. 

Temperature coefficient of frequency — 
The resonant frequency of a crystal will vary 
with its temperature, to an extent depending 
upon the type of cut. The frequency-tempera- 
ture coefficient is usually expressed in cycles 
frequency change per megacycle, per degree 
Centigrade temperature change, and may be 
either positive (increasing frequency with in- 
creasing temperature) or negative (decreasing 
frequency with increasing temperature). X-cut 
crystals have a negative coefficient of 15 to 25 
cycles/megacycle/degree C. The coefficient of 
Y-cut crystals may vary from — 20 cycles/ 
megacycle/degree C. to + 100 cycles/mega- 
cycle/degree C. The AT, V and LD cuts have 
very low coefficients. Y-cut crystals frequently 
“jump” to another frequency when the tem- 
perature is changed rather than gradually 
changing frequency as the nominal coefficient 
might indicate, and hence are rather unre- 
liable under temperature variations. 

The temperature of a crystal depends not 
only on. the temperature of its surroundings 
but also on the power it must dissipate while 
oscillating, since power dissipation causes 
heating (§ 2-6, 2-8). Consequently the crystal 
temperature may be considerably above that 
of the surrounding air when the oscillator is in 
operation. To minimize heating and frequency 
drift (§ 3-7) the power used in the crystal must, 
be kept to a minimum. 

Power limitations — If the crystal is made 
to oscillate too strongly, as when it is used in 
an oscillator circuit with high plate voltage 
and excessive feedback, the amplitude of the 
mechanical vibration will become great enough 
to crack or puncture the quartz. An indication 
of the vibration amplitude can be obtained by 
connecting an r.f. current indicating device of 
suitable range in series with the crystal. Safe 
r.f. crystal currents range from 50 to 200 mil- 
liamperes, depending upon the type of cut. A 
flashlight bulb or dial light of equivalent cur- 
rent rating makes a good current indicator. By 
choosing a bulb of lower rating than the cur- 
rent specified by the manufacturer as safe for 
the particular type of crystal used, the bulb 
will serve as a fuse, burning out before a cur- 
rent dangerous to the crystal is reached. The 
60-ma. and 100-ma. bulbs are frequently used 
for this purpose. High crystal current is ac- 
companied by increased power dissipation and 
heating, so that the frequency change also is 

_ greatest when the crystal is overloaded. 

Crystal mountings —'To make use of the 
crystal, it must be mounted between two metal 
electrodes. There are two types of mountings, 
one having a small air-gap between the top 
plate and the crystal and the other maintaining 
both plates in contact with the crystal. It is es- 
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sential that the surfaces of the metal plates in 
contact with the crystal be perfectly flat. In 
the air-gap type of holder, the frequency of 
oscillation depends to some extent upon the 
size of the gap. This property can be used to 
advantage with most low-drift crystals so that 
by using a holder having a top plate with 
closely adjustable spacing a controllable fre- 
quency variation can be obtained. A 3.5-Me. 
erystal will oscillate without very great vari- 
ation in power output over a range of about 5 
ke. X- and Y-cut crystals are not generally 
suitable for this type of operation because they 
have a tendency to “jump” in frequency with 
different air gaps. 

A holder having a heavy metal bottom plate 
with a large surface exposed to the air is ad- 
vantageous in radiating quickly the heat gen- 
erated in the crystal and thereby reducing 
temperature effects. Different plate sizes, 
pressures, etc., will cause slight changes in 
frequency, so that if a crystal is being ground 
to an exact frequency it should be tested in the 
holder and with the same oscillator circuit with 
which it will be used in the transmitter. 


@4-4 CRYSTAL OSCILLATORS 


Triode oscillators — The triode crystal os- 
cillator circuit (§ 3-7) is shown in Fig. 403. 
The limit of plate voltage that can be used 
without endangering the crystal is about 250 
volts. With the r.f. crystal current limited to a 
safe value of about 100 ma., the power output 
obtainable is about 5 watts. The oscillation 
frequency is dependent to some extent on the 
plate tank tuning because of the change in in- 
put capacity with changes in effective ampli- 
fication (§ 3-3). 

Tetrode and pentode oscillators — Since 
the power output of a crystal oscillator is lim- 
ited by the permissible r.f. crystal current 
(§ 4-3), it is advantageous to use an oscillator 





) 
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Fig. 403 — Triode crystal oscillator. The tank con- 
denser Ci may be a 100-uyfd. variable, with Li propor- 
tioned so that the tank will tune to the crystal frequency. 
Ce should be 0.001 ufd. or larger. The grid leak, Ri, 
will vary with the type of tube; high-y types take lower 
values, 2500 to 10,000 ohms, while medium and low-z 
types take values of 10,000 to 25,000 ohms. Flashlight 
bulb or r.f. milliammeter (§ 4-3) may be inserted at X. 
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tube of high power sensitivity (§ 3-3), such as 
a pentode or beam tetrode (§ 3-5). Thus for a 
given crystal voltage or current more power 
output may be obtained than with the triode 
oscillator, or for a given output the crystal 
voltage will be lower, thereby reducing crystal 
heating. In addition, tank circuit tuning and 
loading react less on the crystal frequency be- 
cause of the lower grid-plate capacity (§ 3-3). 

Fig. 404 shows a typical pentode or tetrode 
oscillator circuit. The pentode and tetrode 
tubes designed for audio power work are ex- 
cellent crystal-oscillator tubes. The screen 
voltage is generally of the order of half the 
plate voltage for optimum operation. Small 
tubes rated at 250 volts for audio work may be 
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Fig. 404— Tetrode or pentode crystal oscillator. 
Typical values: Ci, 100 pufd. with L wound to suit fre- 
quency; C2, Cs, 0.001 yfd. or larger; C4, 0.01 ufd.; Ri, 
10,000 to 50,000 ohms, best value being determined by 
trial for the plate voltage and operating conditions 
chosen; Re, 250 to 400 ohms. R2 and C4 may be omitted, 
connecting cathode directly to ground, if plate voltage is 
limited to 250 volts. Cs (if needed) may be formed by 
two metal plates about 144, inch square spaced about 14 
inch. If the tube has a suppressor grid, it should be 
grounded. X indicates point where flashlight bulb may 
be inserted (§ 4-3). 


operated with 300 volts on the plate and 
100-125 on the screen as crystal oscillators. 
The screen is at ground potential for r.f. and 
has no part in the operation of the circuit 
other than to set the operating characteristics 
of the tube. The larger beam tubes may be 
operated at 400 to 500 volts on the plate and 
250 on the screen for maximum output. 

Pentode oscillators operating at 250 to 300 
volts will give 4 or 5 watts output under nor- 
mal conditions. The beam types 6L6 and 807 
will give 15 watts or more at maximum plate 
voltage. 

The grid-plate capacity may be too low to 
give sufficient feedback, particularly at the 
lower frequencies, in which case a feedback 
condenser, C;, may be required. Its capacity 
should be the lowest value which will give 
stable oscillation. 

Circuit constants — Typical values for 
grid-leak resistance and by-pass condenser 
values are given in Figs. 403 and 404. Since the 


Fig. 405 —D.c. plate 
current vs. plate tuning 
capacity with the triode, 
tetrode or pentode crystal 
oscillator. 
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crystal is the frequency-determining element, 
the Q of the plate tank circuit has a relatively 
minor effect on the oscillator frequency. A Q 
of 12 (§ 4-8) is satisfactory for average condi- 
tions, but departure from this figure will not 
greatly affect the performance of the oscillator. 

Adjustment of crystal oscillators — The 
tuning characteristics and procedure to be fol- 
lowed in tuning are essentially the same for 
triode, tetrode or pentode crystal oscillators. 
Using a plate milliammeter as an indicator 
of oscillation (a 0-100 ma. d.c. meter will have 
ample range for all low-power oscillators), the 
plate current will be found to be steady when 
the circuit is in the non-oscillating state, but 
will dip when the plate condenser is tuned 
through resonance at the crystal frequency. 
Fig. 405 is typical of the behavior of plate cur- 
rent as the tank condenser capacity is varied. 
An r.f. indicator, such as a small neonbulb 
touched to the plate end of the tank coil, will 
show maximum at point A. However, when the 
oscillator is delivering power to a load it is best 
to operate in the region B-C, since the oscillator 
will be more stable and there is less likelihood 
that a slight change in loading will throw the 
circuit out of oscillation, which is likely to hap- 
pen when operation is too near the critical 
point, A. The crystal current is lower in the 
B-C region. 

When power is taken from the oscillator, the 
dip in plate current is less pronounced, as in- 
dicated by the dotted curve. The greater the 
power output the smaller the dip in plate cur- 
rent. If the load is made too great, oscillations 
will not start. Loading is adjusted by varying 
the coupling to the load circuit (§ 2-11). 

The greater the loading, the smaller the volt- 
age fed back to the grid circuit for excitation 
purposes. This means that the r.f. voltage 
across the crystal also will be reduced, hence 
there is less crystal heating when the oscillator 
is delivering power than when operating un- 
loaded. : 

Failure of a erystal circuit to oscillate may 
be caused by any of the following: 

1. Dirty, chipped or fractured crystal 

2. Imperfect or unclean holder surfaces 

3. Too tight coupling to load 

4. Plate tank circuit not tuning correctly 

5. Insufficient feedback capacity 

Pierce oscillator — This circuit is shown in 
Fig. 406. It is equivalent to the ultraudion cir- 
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cuit (§ 3-7) with the crystal replacing the 
tuned circuit. The output of the Pierce oscil- 
lator is relatively small, although it has the ad- 
vantage that no tuning controls are required. 
The circuit requires capacitive coupling to a 
following stage. The amount of feedback is de- 
termined by the condenser Co. To sustain 
oscillation the net reactance (§ 2-8) of the 
plate-cathode circuit must be capacitive; this 
condition is met so long as the inductance of 
the r.f. choke, together with the inductance 
of any coils associated with the input circuit 


Cs 


| ames 


RFC 





Fig. 406 — Pierce oscillator circuit. Tubes such as the 
6C5 and 6F6 are suitable, operating at plate voltages 
not exceeding 300 to prevent crystal fracture. When a 
triode is used, Rg and C4 are omitted. Ri should be 
25,000 to 50,000 ohms. 1000 ohms is recommended for 
Re. Rs is the screen voltage dropping resistance (75,000 
ohms for the 6F6). C1 may have any value between 
0.001 and 0.01 »fd. C3 and C4 should be 0.01 yfd. Co, 
the regeneration capacity, must be determined by ex- 
periment; usual values are between 50 and 150 yufd. 
The capacity of Cs, usually 100 pufd., should be ad- 
justed so that the oscillator is not overloaded. 


of the following stage and the tube and stray 
capacities, forms a circuit tuned to a lower 
frequency than that of the crystal. 


e4-5 HARMONIC-GENERATING 
CRYSTAL OSCILLATORS 


Tri-tet oscillator — The Tri-tet oscillator 
circuit is shown in Fig. 407. In this circuit the 
screen grid is operated at ground potential 
and the cathode at an r.f. potential above 
ground. The screen-grid acts as the anode of a 
triode crystal oscillator, while the plate or out- 
put circuit is tuned to the oscillator frequency 
or, for harmonic output, to a multiple of it. 

Besides harmonic output, the Tri-tet circuit 
has the ‘‘buffering”’ feature of electron-coup- 
ling between crystal and output circuits 
(§ 4-2). This makes the crystal frequency less 
susceptible to changes in loading or tuning and 
hence improves the stability. 

If the output circuit is to be tuned to the 


‘same frequency as the crystal, a tube having 


low grid plate capacity (§ 3-2, 3-5) must be 
used, otherwise there may be excessive feed- 
back and danger of fracturing the crystal. 
The cathode tank circuit, Z1Cj, is not tuned 
to the frequency of the crystal, but to a con- 
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Fig. 407 — Tri-tet oscillator circuit, using pentodes 
(A) or beam tetrodes (B). Ci and Ce, 200-uyfd. vari- 
able; Cs, C4, Cs, Ce, 0.001 to 0.01 yufd., not critical; 
Ri, 20,000 to 100,000 ohms; Re, 400 ohms for 400- or 
500-volt operation. 

Following specifications for cathode coils, Li, are 
based on a coil diameter of 114 inches and length 1 inch; 
turns should be spaced evenly to fill the required length. 
For 1.75-Me. crystal, 32 turns; 3.5 Mc., 10 turns, 7 
Mc., 6 turns. The screen should be operated at 250 volts 
or less. Audio beam tetrodes such as the 6L6 and 6L6G 
should be used only for second-harmonic output. Flash- 
light bulb may be inserted at X (§ 4-3). 

The L-C ratio in the plate tank, LeCe, should be 
adjusted so that the capacity in use is 75 to 100 uufd. 
for fundamental output and about 25 yufd. for second 
harmonic output. 


siderably higher frequency. Recommended 
values for Z; are given under the diagram. C1 
should be set as near minimum capacity as is 
consistent with good output. This reduces the 
crystal voltage. 

With pentode-type tubes having separate 
suppressor connections, the suppressor may be 
connected directly to ground or may be oper- 
ated at about 50 volts positive. The latter 
method will give somewhat higher output than 
with the suppressor connected to ground. 

With transmitting pentodes or beam tubes 
operated at 500 volts on the plate an output of 
15 watts can be obtained on the fundamental 
and very nearly as much on the second har- 
monic. 

Grid-plate oscillator —In the grid-plate 


64 CHAPTER FOUR 


oscillator, Fig. 408, the crystal is connected be- 
tween grid and ground and the cathode tuned 
circuit CoRFC is tuned to a lower frequency 
than that of the crystal. This circuit gives high 
output on the fundamental crystal frequency 
with low crystal current. The output on even 
harmonics (2nd, 4th, etc.) is not as great as 
that obtainable with the Tri-tet, but the out- 


6V6G, 6L6, 6L6G 





-B +SG)0 +B 
Fig. 408 — Grid-plate crystal oscillator circuit. In 
the cathode circuit, RFC is a 2.5-mh. r.f. choke. Other 


constants are the same as in Fig. 506. X indicates point 
where crystal-current indicator may be inserted 


(§ 4-3). 


put on odd harmonics (8rd, 5th, etc.) is ap- 
preciably better. 

If harmonic output is not needed, Cz may be 
a fixed capacity of 100 wufd. The cathode coil, 
RFC, may be a 2.5-mh. choke, since the in- 
ductance is not critical. 

Output power of 15 to 20 watts may be ob- 
tained at the crystal fundamental with a tube 
such as the 6L6G at plate and screen voltages 
of 400 and 250, respectively. 

Tuning and adjustment — The tuning pro- 
cedure for the Tri-tet oscillator is as follows: 
With the cathode tank condenser at about 
three-quarters scale, turn the plate tank con- 
denser until there is a sharp dip in plate cur- 
rent, indicating that the plate circuit is in 
resonance. The crystal should be oscillating 
continuously regardless of the setting of the 
plate condenser. Set the plate condenser so 
that plate current is minimum. The load cir- 
cuit may then be coupled and adjusted so 
that the oscillator delivers power. The mini- 
mum plate current will rise; it may be neces- 
sary to retune the plate condenser when the 
load is coupled to bring the plate current to a 
new minimum. Fig. 409 shows the typical be- 
havior of plate current with plate-condenser 
tuning. 

After the plate circuit is adjusted and the 
oscillator is delivering power, the cathode 
condenser should be readjusted to obtain 
optimum power output. The setting should be 
as far toward the low-capacity end of the scale 
as is consistent with good output; it may, in 


Fig. 409 — D.c. plate 
current vs. plate tuning 
capacity with the Tri-tet 
oscillator. 
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fact, be desirable to sacrifice a little output if 
so doing reduces the current through the crys- 
tal and thus reduces heating. 

For harmonic output the plate tank circuit 
is tuned to the harmonic instead of the funda- 
mental of the crystal frequency. A plate-cur- 
rent dip will occur at the harmonic. If the 
cathode condenser is adjusted for maximum 
output at the harmonic, this adjustment will 
usually serve for the fundamental as well. The 
crystal should be checked for evidence of ex- 
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cessive heating, the most effective remedy for 
which is to lower the plate and/or screen volt- 
age, or to reduce the loading. With this circuit 
maximum r.f. voltage across the crystal is de- 
veloped at maximum load so crystal heating 
should be checked with the load coupled. 

When a fixed cathode condenser is used in 
the grid-plate oscillator the plate tank circuit is 
simply resonated, as indicated by the plate- 
current dip, to the fundamental or a harmonic 
of the output frequency, loading being ad- 
justed to give optimum power output. If the 
variable cathode condenser is used, it should be 
set to give, by observation, the maximum 
power output consistent with safe crystal cur- 
rent. The variable condenser is chiefly useful in 
increasing the output on the third and higher 
harmonics; for fundamental operation the 
cathode capacity is not critical and the fixed 
condenser may be used. 
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Fig. 410 — Direct- or capacity-coupled driver and amplifier stages. Coupling condenser capacity may be from 
50 uufd. to 0.002 ufd., not critical except when tapping the coils for control of excitation is not possible. Parallel 
plate feed to the driver and series grid feed to the amplifier may be substituted in any of the circuits (§ 3-7). 
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@4-6 INTERSTAGE COUPLING 
Requirements — The purpose of the inter- 
stage coupling system is to transfer, with as 
little energy loss as possible, the power devel- 
oped in the plate circuit of one tube (the driver) 
to the grid circuit of the following amplifier 
tube or frequency multiplier. The circuits in 
practical use are based on the fundamental 
coupling arrangements described in § 2-11. In 
the process of power transfer, impedance trans- 
formation (§ 2-9) also is frequently necessary 
so that the proper exciting voltage and current 
will be available at the grid of the driven tube. 
Capacity coupling — Fig. 410 shows several 
types of capacitive coupling. In each case, C 
is the coupling condenser. The coupling con- 
denser serves also as a blocking condenser 
(§ 2-13) to isolate the d.c. plate voltage of the 


driver from the grid of the amplifier. The cir- | 


cuits of C and D are preferable when a bal- 
anced circuit is used in the output of the 
driver; instead of both tubes being in parallel 
across one side, the output capacity of the 
driver tube and the input capacity of the am- 
plifier are across opposite sides of the tank 
circuit, thereby preserving a better circuit bal- 
ance. The circuits of E and F are designed for 
coupling to a push-pull stage. 

In A, B, E and F, excitation is adjusted by 
moving the tap on the coil to provide an opti- 
mum impedance match. In E and F, the two 
grid taps should be maintained equidistant 
from the center-tap on the coil. 

While capacitive coupling is simplest from 
the viewpoint of construction, it has certain 
disadvantages. The input capacity of the am- 
plifier is shunted across at least a portion of the 
driver tank coil. When added to the output 
capacity of the driver tube, this additional ca- 
pacity may be sufficient, in many cases, to 
prevent use of a desirable L/C ratio in circuits 
for frequencies above about 7 Mc. 

Link coupling — At the higher frequencies 
it is advantageous in reducing the effects of 
tube capacities on the L/C ratio to use separate 
tank circuits for the driver plate and amplifier 
grid, coupling the two circuits by means of a 
link (§ 2-11). This method of coupling also 
has some constructional advantages, in that 
separate parts of the transmitter may be con- 
structed as separate units without the neces- 
sity for running long leads at high r.f. potential. 

Circuits for link coupling are shown in Fig. 
411. The coupling ordinarily is by a turn or 
two of wire closely coupled to the tank induct- 
ance at a point of low r.f. potential such as the 
center of the coil of a balanced tank circuit, or 
the “ground” end of the coil in a single-ended 
circuit. The link line usually consists of two 
closely-spaced parallel wires; occasionally the 
wires are twisted together, but this usually 
causes undue losses at high frequencies. 
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P Fig. 411 — Link coupling between driver and ampli- 
er. 


It is advisable to have some means of vary- 
ing the coupling between link and tank coils. 
The link coil may be arranged to be swung in 
relation to the tank coil or, when it consists of 
a large turn around the outside of the tank coil, 
can be split into two parts which can be pulled 
apart or closed somewhat in the fashion of a 
pair of calipers. If the tank coils are wound on 
forms, the link may be wound close to the main 
coil. 

With fixed coils, some adjustment of coup- 
ling can usually be obtained by varying the 
number of turns on the link. In general the 
proper number of turns for the link must be 
found by experiment. 


e4-7 R.F. POWER AMPLIFIER 
CIRCUITS 


Tetrode and pentode amplifiers — When 
the input and output circuits of an r.f. ampli- 
fier tube are tuned to the same frequency, it 
will oscillate as a tuned-grid tuned-plate oscil- 
lator unless some means is provided to elimi- 
nate the effects of feedback through the plate- 
to-grid capacity of the tube (§ 3-5). In all 
transmitting r.f. tetrodes and pentodes, this 
capacity is reduced to a satisfactory degree by 
the internal shielding between grid and plate 
provided by the screen. Tetrodes and pentodes 


designed for audio use (such as the 6L6, 6V6, 
6F6, etc.) are not sufficiently well screened for 
use as r.f. amplifiers without employing addi- 
tional means for nullifying the effect of the 
grid-plate capacity. 

Typical circuits of tetrode and pentode rf. 
amplifiers are shown in Fig. 412. The high 
power sensitivity (§ 3-3) of pentodes and tet- 
rodes, however, makes them prone to self- 
oscillate with very small values of feedback 
voltage, so that particular care must be used 
to prevent feedback by means external to the 
tube itself. This calls for adequate isolation of 
plate and grid tank circuits to prevent unde- 
sired magnetic or capacity coupling between 
them. The requisite isolation can be secured 
by keeping the circuits well separated and 
mounting the coils so that magnetic coupling 
is minimized, or by shielding (§ 2-11). 

Triode amplifiers — The feedback through 
the grid-plate. capacity of a triode cannot be 
eliminated in the tube itself, and therefore 
special circuit means, called neutralization, 
must be used to prevent oscillation. A prop- 
erly-neutralized triode amplifier then behaves 







7a couplin 
and 


Bias, 
circures 


O 6 . 
+SCREEN +SUPP- t, vo 
VOLTAGE VOLT 


SINGLE -TUBE OR PARALLEL 


To couplin 
and 


Bias 
circults 








+SUP +SCR 
Vv. Vv 


mn 


PUSH-PULL 


Fig. 412 — Tetrode-pentode r.f. amplifier circuits. 
a 0.01 ufd.; Ce—0.001 ufd. or larger; C3-L — see 
: In circuits for tetrodes, the suppressor-grid connec- 
tion and by-pass condenser are omitted. 
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as though it were operating at very low fre- 
quencies where the grid-plate capacity feed- 
back is negligible (§ 3-3). 

Neutralization — Neutralization amounts 
to taking some of the radio-frequency current 
from the output or input circuit of the am- 
plifier and introducing it into the other circuit 
in such a way that it effectively cancels the 
current flowing through the grid-plate capacity 
of the tube, thus rendering it impossible for the 
tube to supply its own excitation. For com- 
plete neutralization it is necessary that the two 
currents be opposite in phase (§ 2-7) and equal 
in amplitude. 

The out-of-phase current (or voltage) can be 
obtained quite readily by using a balanced 
tank circuit in either grid or plate, taking the 
neutralizing voltage from the end of the tank 
opposite that to which the grid or plate is 
connected. The amplitude of the neutralizing 
voltage can be regulated by means of a small 
condenser, the neutralizing condenser, having 
the same order of capacity as the grid-plate 
capacity of the tube. Circuits in which the 
neutralizing voltage is obtained from a bal- 
anced grid tank and fed to the plate through 
the neutralizing condenser are termed grid- 
neutralized circuits, while if the neutralizing 
voltage is obtained from a balanced plate tank 
and fed to the grid of the tube, the circuit is 
plate-neutralized. 

Plate-neutralized circuits — The circuits 
for plate neutralization are shown in Fig. 413 
at A, B and C. In A, voltage induced in the 
extension of the tank coil is fed back to the 
grid through the neutralizing condenser C;, to 
balance the voltage appearing between grid 
and plate. In this circuit the capacity required 
at Cn increases as the tank coil extension is 
made smaller; in general, neutralization is sat- 
isfactory over only a small range of frequencies 
since the coupling between the two sections of 
the tank coil will vary with the amount of 
capacity in use at C. 

In B the tank coil is center-tapped to give 
equal voltages on either side of the center tap, 
the tank condenser being across the whole coil. 
The neutralizing capacity is approximately 
equal to the grid-plate capacity of the tube in 
this case. A disadvantage of the circuit, when 
used with the single tank condenser shown, is 
that the rotor of the condenser is above ground 
potential and hence small capacity changes 
caused by bringing the hand near the tuning 
control (hand capacity) cause detuning. In gen- 
eral, neutralization is complete at only one 
frequency since the plate-cathode capacity of 
the tube is across only half the tank coil; also, 
it is difficult to secure an exact center-tap. Both 
these cause unbalance which in turn causes the 
voltages across the two halves of the coil to 
differ when the frequency is changed. 


CHAPTER FOUR 67 


Se Radi eC dleur’s Handbiok 





To coupfin 
one 7 


DRIVER 











/1 
Mecepiae, E ou 
Bias 


circuits 


To orver 


Output 





+ 
BIAS 


Fig. 413 — Triode amplifier circuits. Plate neutralization is shown in A, B and C; D, E and F show types of 
grid neutralization. Either capacitive or link coupling may be used with circuits of A, B or C. 


C-L — See § 4-8. 
Cg-Le — Grid tank cireuit. 
Cy — Neutralizing condensers. 


The circuit of C also uses a center-tapped 
tank circuit, the voltage division being secured 
by use of a balanced (split-stator) tank con- 
denser, the two condenser sections being iden- 
tical. Cn is approximately equal to the grid- 
plate capacity of the tube. In this circuit the 
upper section of the tank condenser is in paral- 
lel with the output capacity of the tube, hence 
the circuit can be completely neutralized at 
only one setting of the tank condenser unless a 
compensating capacity (Fig. 414) is connected 
across the lower section. In practice, if the ca- 
pacity in use in the tank circuit is large com- 
pared to the plate-cathode capacity the unbal- 
ancing effect is not serious. 

Grid-neutralized circuits — Typical - cir- 
cuits employing grid neutralization are shown 





Fig. 414 — Compensating for capacity unbalance in 
the single-tube neutralizing circuit. Cx, the balancing 
capacity, should be variable and should have a maxi- 
mum capacity somewhat larger than the output ca- 
pacity of the tube. It is adjusted to minimize shift in 
neutralizing capacity at C, as the frequency is changed. 
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Ci — 0.01 yfd. 
C2 — 0.001 pfd. or larger. 


in Fig. 413 at D, E and F. The principle of bal- 
ancing out the feed-back voltage is the same as 
in plate neutralization. However, in these cir- 
cuits the fed-back voltage may either be in 
phase or out of phase with the excitation volt- 
age on the grid side of the input tank circuit 
(and the opposite on the other side) depending 
upon whether the tank is divided by means of 
a balanced condenser or a tapped coil. Cir- 
cuits such as those at D and E neutralized by 
ordinary procedure (described below) will be 
regenerative when the plate voltage is applied; 
the circuit at F will be degenerative. In addi- 
tion, the normal unbalancing effects described 
in the preceding paragraph are present, so that 
grid neutralizing is less satisfactory than the 
plate method. 

Inductive neutralization — With this type 
of neutralization inductive coupling between 
the grid and plate circuits is provided in such a 
way that the voltage induced in the grid coil by 
magnetic coupling from the plate coil opposes 
the voltage fed back through the grid-plate 
capacity of the tube. A representative circuit 
arrangement, using a coupling link to provide 
the mutual inductance (§ 2-11) is shown in 
Fig. 415. Ordinary inductive coupling between 
the two coils also could be used, but is less con- 
venient. Inductive neutralization is complete 
at only one frequency, since the effective mu- 
tual inductance changes to some extent with 
tuning, but is useful in cases where the grid- 
plate capacity of the tube being neutralized is 





Fig. 415 — Inductive neutralizing circuit. The link 
coils should have one or two turns and should be coupled 
to the grounded ends of the tank coils. Neutralization is 
adjusted by moving the link coils in relation to the tank 
coils. Reversal of connections to one of the coils may be 
required to obtain the proper phasing. 


very small and suitable circuit balance cannot 
be obtained with circuits using neutralizing 
condensers. 

Push-pull neutralization — With push- 
pull circuits two neutralizing condensers are 
used as shown in Fig. 416. In these circuits the 
grid-plate capacities of the tubes and the neu- 
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Fig. 416 — Push-pull triode amplifier circuits with 


“cross-neutralization.”’ Either capacitive or link cou- 
pling may be used. 


‘C-L — See § 4-8. 
C, — Neutralizing condensers. 
Ci — 0.01 yfd. 


C2 — 0.001 ufd. or larger. 
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tralizing capacities form a capacity bridge 
(§ 2-11) which is independent of the grid and 
plate tank circuits. The neutralizing capacities 
are approximately the same as the tube grid- 
plate capacities. With electrically similar tubes 
and symmetrical construction (stray capacities 
to ground equal on both sides of the circuit) 
the neutralization is complete and independent 
of frequency. A circuit using a balanced con- 
denser, as at B, is preferred since it is an aid 
in obtaining good circuit balance. 

Frequency effects — The effects of slight 
dissymmetry in a neutralized circuit become 
more important as the frequency is raised, and 
may be sufficient at ultra-high frequencies (or 
even lower) to prevent good neutralization. At 
these frequencies the inductances and stray 
capacities of even short leads become impor- 
tant elements in the circuit, while input load- 
ing effects (§ 7-6) may make it impossible to 
get proper phasing, particularly in single-tube 
circuits. In such cases the use of a push-pull 
amplifier, with its general freedom from the 
effects of dissymmetry, is not only much to be 
preferred but may be the only type of circuit 
which can be satisfactorily neutralized. 

Neutralizing condensers — In most cases 
the neutralizing voltage will be equal to the 
r.f. voltage between the plate and grid of the 
tube so that for perfect balance the capacity 
required in the neutralizing condenser theoret- 
ically will be equal to the grid-plate capacity. 
If, in the circuits having tapped tank coils, the 
tap is more than half the total number of turns 
from the plate end of the coil, the required neu- 
tralizing capacity will increase approximately 
in proportion to the relative number of turns in 
the two sections of the coil. 

With tubes having grid and plate con- 
nections brought out through the bulb, a con- 
denser having at about half-scale or less a ca- 
pacity equal to the grid-plate capacity of the 
tube should be chosen. If the grid and plate 
leads are brought through a common base, the 
capacity needed is greater because the tube 
socket and its associated wiring adds some ca- 
pacity to the actual inter-element capacities, 

When two or more tubes are connected in, 
parallel, the neutralizing capacity required 
will be in proportion to the number of tubes. 

The voltage rating of neutralizing con- 
densers must at least equal the r.f. voltage 
across the condenser plus the sum of the d.c. 
plate voltage and the grid-bias voltage. 

Neutralizing procedure — The procedure 

‘in neutralizing is essentially the same for all 
tubes and circuits. The filament of the tube 
should be lighted and the excitation from the 
preceding stage should be fed to the grid cir- 
cuit. There should be no plate voltage on the 
amplifier. 

The grid-circuit milliammeter makes a good 
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neutralizing indicator. If the circuit is not com- 
pletely neutralized, tuning of the plate tank cir- 
cuit through resonance will change the tuning of 
the grid circuit and affect its loading, causing a 
change in the rectified d.c. grid current. The 
setting of the neutralizing condenser which 
leaves the grid current unaffected as the plate 
tank is tuned through resonance is the correct 
one. If the circuit is out of neutralization, the 
grid current will drop perceptibly as the plate 
tank is tuned through resonance. As the point 
of neutralization is approached, by adjusting 
the neutralizing capacity in small steps, the dip 
in grid current as the plate condenser is swung 
through resonance will become less and less 
pronounced until, at exact neutralization, there 
will be no dip at all. Further change of the neu- 
tralizing capacity in the same direction will 
bring the grid-current dip back. The neutraliz- 
ing condenser should always be adjusted with 
a screwdriver of insulating material to avoid 
hand-capacity effects. 

Adjustment of the neutralizing condenser 
may affect the tuning of the grid tank or driver 
plate tank, so both circuits should be retuned 
each time a change is made in neutralizing 
capacity. In neutralizing a push-pull amplifier, 
the neutralizing condensers should be adjusted 
together, step by step, keeping their capacities 
as equal as possible. 

With single-ended circuits having split-stator 
neutralizing, the behavior of the grid meter 
will depend somewhat upon the type of tube 
used. If the tube output capacity is not great 
enough to upset the balance, the action of the 
meter will be the same as in other circuits. 
With high-capacity tubes, however, the meter 
usually will show a gradual rise and fall as the 
plate tank is tuned through resonance, reach- 
ing a maximum right at resonance when the 
circuit is properly neutralized. 

When an amplifier is not neutralized, a neon 
bulb touched to the plate of the amplifier tube 
or to the plate side of the tuning condenser 
will glow when the tank circuit is tuned 
through resonance, providing the driver has 
sufficient power. The glow will disappear when 
the amplifier is neutralized. 

However, touching the neon bulb to such 
an ungrounded point in the circuit may intro- 
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duce enough stray capacity to unbalance the 
circuit slightly, thus upsetting the neutralizing. 

A flashlight bulb connected in series with a 
single-turn loop of wire 214 or 3 inches in 
diameter, with the loop coupled to the tank 
coil, will also serve as a neutralizing indicator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 

Incomplete neutralization — If a setting 
of the neutralizing condenser can be found 
which gives minimum r.f. current in the plate 
tank circuit without completely eliminating it, 
there may be magnetic or capacity coupling 
between the input and output circuits external 
to the tube itself. Short leads in neutralizing 
circuits are highly desirable, and the input 
and output inductances should be so placed 
with respect to each other that magnetic 
coupling is minimized. Usually this requires 
that the axes of the coils should be at right 
angles to each other. In some cases it may be 
necessary to shield the input and output cir- 
cuits from each other. Magnetic coupling can 
be detected by disconnecting the plate tank 
from the remainder of the circuit and testing 
for r.f. in it (by means of the flashlight lamp 
and loop) as. the tank condenser is tuned 
through resonance. The driver stage must be 
operating, of course. 

With single-ended amplifiers there are many 
stray capacities left uncompensated for in the 
neutralizing process. With large tubes, espe- 
cially those having relatively high interelec- 
trode capacities, these commonly neglected 
stray capacities can prevent perfect neutraliza- 
tion. Symmetrical arrangement of a push-pull 
amplifier is about the only way to obtain 
practically perfect balance throughout the am- 
plifier. 

The neutralization of tubes with extremely 
low grid-plate capacity, such as the 6L6, is 
often difficult, since it frequently happens that 
the wiring itself will introduce sufficient ca- 
pacity between the right points to ‘‘over- 
neutralize” the grid-plate capacity. The use 
of a neutralizing condenser only aggravates 
the condition. Inductive or link neutralization 
as shown in Fig. 415 has been used successfully 
with such tubes, 


Fig. 417 — Inverted amplifier. The number of 
turns at L should be adjusted by experiment to 
give optimum grid excitation to the amplifier. 
By-pass condenser C may be 0.001 ufd. or larger. 


The inverted amplifier — The circuit of 
Fig. 417 avoids the necessity for neutralization 
by operating the control grid of the tube at 
ground potential, thus making it serve as a 
shield between the input and output circuits. 
It is particularly useful with tubes of low 
grid-plate capacity which are difficult to neu- 
tralize by ordinary methods. Excitation is ap- 
plied between grid and cathode through the 
coupling coil L; since this coil is common to 
both the plate and grid circuits the amplifier 
is degenerative with the circuit constants 
normally used, hence more excitation voltage 
and power are required for a given output than 
is the case with a neutralized amplifier. The 
tube used must have low plate-cathode ca- 
pacity (of the order of 1 uxfd. or less) since 
larger values will give sufficient feedback to 
permit it to oscillate, the circuit then becom- 
ing the ultraudion (§ 3-7). Tubes having suf- 
ficiently low plate-cathode capacity (audio 
pentodes, for example) can be used without 
danger of oscillation at frequencies up to 30 
Me. or so.: 


e4-8 POWER AMPLIFIER OPERATION 


Efficiency — An r.f. power amplifier is 
usually operated Class-C (§ 3-4) to obtain a 
reasonably-high value of plate efficiency 
(§ 8-3). The higher the plate efficiency the 
higher the power input that can be applied to 
the tube without exceeding the plate dissipa- 
tion rating (§ 3-2), up to the limits of other 
tube ratings (plate voltage and plate current). 


Plate efficiencies of the order of 75% are read- — 
ily obtainable at frequencies up to the 30-60- 


megacycle region. The overall efficiency of the 
amplifier will be lower by the percentage of 
power lost in the tank and coupling circuits, so 
that the actual efficiency is less than the plate 
efficiency. 


Operating angle — The operating angle is 
the proportionate part of the exciting grid- ° 


voltage cycle (§ 2-7) during which plate cur- 
rent flows, as shown in Fig. 418. For Class-C 
operation it is usually in the vicinity of 120- 
150 degrees which, with other operating con- 
siderations, results in an optimum relation- 
ship between plate efficiency and grid driving 
power. 

Load impedance — The load impedance 
(§ 3-8) for an r.f. power amplifier is adjusted, 
by tuning the plate tank circuit to resonance, 
to represent a pure resistance at the operating 


frequency (§ 2-10). Its value, which is usually | 


in the neighborhood of a few thousand ohms, is 
adjusted by varying the loading on the tank 
circuit, closer coupling to the load giving lower 
values of load resistance and vice versa 
(§ 2-11). The load may be either the grid cir- 
cuit of a following stage or the antenna circuit. 

For highest efficiency the value of load re- 
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sistance should be relatively high, but if only 
limited excitation voltage is available greater 
power output will be secured by using a lower 
value of load resistance. The latter adjustment 
is accompanied by a-decrease in plate effi- 
ciency. The optimum load resistance is that 
which, for the maximum permissible peak 
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Fig. 418 — Instantaneous voltages and currents in 
a Class-C amplifier operating under optimum conditions. 


plate current, causes the minimum instan- 
taneous plate voltage (Fig. 418) to be equal to 
the maximum instantaneous grid voltage re- 
quired to cause the peak plate current to flow; 
this gives the optimum ratio of plate effi- 
ciency to required grid driving power. 

Rf. grid voltage and grid bias — For most. 
tubes optimum operating conditions result 
when the minimum instantaneous plate volt- 
age is 10% to 20% of the d.c. plate voltage, so 
that the maximum instantaneous positive grid 
voltage must be approximately the same figure. 
Since plate current starts flowing when the 
instantaneous voltage reaches the cut-off value 
(§ 3-2), the d.c. grid voltage must be consid- 
erably higher than cut-off to confine the operat- 
ing angle to 150 degrees or less (with grid bias 
at cut-off the angle would be 180 degrees). For 
an angle of 120 degrees the r.f. grid voltage 
must reach 50% of its peak value (§ 2-7) at 
the cut-off point. The corresponding figure for 
an angle of 150 degrees is 25%. Hence the op- 

_erating bias required is the cut-off value plus 
25% to 50% of the-peak r.f. grid voltage. These 
relations are shown in Fig. 418. The grid bias 
should be at least twice cut-off if the amplifier 
is to be plate modulated so that the operating 
angle will not be less than 180 degrees when the 
plate voltage rises to twice the steady d.c. 
value (§ 5-3). Because of their relatively high 
amplification factors, with most modern tubes 
Class-C operation requires considerably more 
than twice cut-off bias to make the operating 
angle fall in the region mentioned above. 
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Suitable operating conditions are usually 
given in the data accompanying the type of 
tube used. 

Grid bias may be secured either from a bias 
source (fixed bias), a grid leak (§ 3-6) of suit- 
able value, or from a combination of both. 
When a bias supply is used, its voltage regula- 
tion should be taken into consideration (§ 8-9). 

Driving power — As indicated in Fig. 418, 
grid current flows only during a small portion 
of the peak of the r.f. grid voltage cycle. The 
power consumed in the grid circuit is therefore 
approximately equal to the peak r.f. grid volt- 
age multiplied by the average rectified grid 
current as read by a d.c. milliammeter. The 
peak r.f. grid voltage, if not included in the 
tube manufacturer’s operating data, can be 
estimated roughly by adding 10% to 20% of 
the plate voltage to the operating grid bias, 
assuming the operating conditions are as de- 
scribed above. 

At frequencies up to 30 Mc. or so the grid 
losses are practically entirely those resulting 
from grid-current flow. At ultra-high fre- 
quencies, however, dielectric losses in the glass 
envelope and base materials become appre- 
ciable, together with losses caused by transit- 
time effects (§ 7-6), and may necessitate 
supplying several times the driving power indi- 
cated above. At any frequency, the driving 
stage should be capable of a power output 
two to three times the power it is expected the 
grid circuit of the amplifier will consume. This 
is necessary because losses in the tank and 
coupling circuits must also be supplied, and 
also to provide reasonably good regulation of 
the r.f. grid voltage. Good voltage regulation 
(see § 8-1 for general definition) insures that 
the waveform of the excitation voltage will not 
be distorted because of the changing load on 
the driver during the r.f. cycle. 

Grid impedance — During most of the r.f. 
grid voltage cycle, no grid current flows, as 
indicated in Fig. 418, hence the grid impedance 
is infinite. During the peak of the cycle, how- 
ever, the impedance may drop to very low 
values (of the order of 1000 ohms) depending 
upon the type of tube. Both the minimum and 
average values of grid impedance depend to a 
considerable extent on the amplification factor 
of the tube, being lower with tubes having large 
amplification factors. 

The average grid impedance is equal to H?/P, 
where FE is the r.m.s. (§ 2-7) value of r.f. 
grid voltage and P the grid driving power. 
Under optimum operating conditions values of 
average grid impedance ranging from 2000 ohms 
for high-» tubes to four or five times as much 
for low-» types are representative. Values in 
the vicinity of 4000 to 5000 ohms are typical 
of modern triodes with amplification factors 
of 20 to 30. 
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Because of the large change in impedance 
during the cycle it is necessary that the tank 
circuit associated with the amplifier grid have 
fairly high Q so that the voltage regulation 
over the cycle will be good. The requisite Q 
may be obtained by adjusting the L/C ratio 
or by tapping the-grid circuit across only part 
of the tank (§ 4-6). ‘ 

Tank circuit Q— Besides serving as a 
means for transforming the actual load resist- 
ance to the required value of plate load im- 
pedance for the tube, the plate tank circuit 
also should suppress the harmonics present in 
the tube output as a result of the non-sinusoidal 
plate current (§ 2-7, 3-3). For satisfactory har- 
monic suppression a Q of 12 or more (with the 
circuit fully loaded) is desirable. A Q of this 
order is also helpful from the standpoint of 
securing adequate coupling to the load or an- 
tenna circuit (§ 2-11). The proper Q can be ob- 
tained by suitable selection of L/C ratio in 
relation to the optimum plate load resistance 
for the tube (§ 2-10). 

For a Class-C amplifier operated under opti- 
mum conditions as described above, the plate 
load impedance is approximately proportional 
to the ratio of d.c. plate voltage to d.c. plate 
current. For a given effective Q, the tank ca- 
pacity required at a given frequency will be 
inversely proportional to the parallel resistance 
(§ 2-10), so that it will also be inversely pro- 
portional to the plate-voltage/plate-current 
ratio. The capacity required on various ama- 
teur bands for a Q of 12 is shown in Fig. 419 as 
a function of this ratio. The capacity given is 
for single-ended tank circuits as shown in Fig. 
420 at A and B. When a balanced tank circuit 
is used, the total tank capacity required is re- 
duced to 14 this value because the tube is con- 
nected across only half the circuit (§ 2-9). Thus 
if the plate-voltage/plate-current ratio calls for 


_ a capacity of 200 uufd. in a single-ended circuit 


at the desired frequency, only 50 uufd. would 
be needed in a balanced circuit. If a split-stator 
or balanced tank condenser is used, each sec- 
tion should have a capacity of 100 pyfd., the 
total capacity of the two in series being 50 
pufd. These are “‘in use”’ capacities, not simply 
the rated maximum capacity of the condenser. 
Larger values may be used with an increase in 
the effective Q. 

To reduce energy loss in the tank circuit the 
inherent Q of the coil and condenser should be 
high. Since transmitting coils usually have Q’s 
ranging from 100 to several hundred, the tank 
transfer efficiency is generally 90% or more. 
An unduly large C/Z ratio is not advisable 
since it will result in large circulating r.f. tank 
current and hence relatively large losses in the 
tank, with a consequent reduction in the power 
available for the load. 

Tank constants — When the capacity nec- 
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Fig. 419 — Chart showing tank-capacities required 
for “Q” of 12 with various ratios of plate voltage to 
plate current for various frequencies. In circuits F, G, 
H (Fig. 420), the capacities shown in the graph may be 
divided by four. In circuits C, D, E, I, J and K, the 
capacity of each section of the split-stator condenser 
may be one-half that shown by the graph. Values given 
by the graph should be used for circuits A and B. 























of the formula in § 2-10. Alternatively, the re- 
quired number of turns on coils of various 
construction can be found from the charts of 
Figs. 421 and 422. 3 

Fig. 421 is for coils wound on receiving-type 
forms having a diameter of 114 inches and 
ceramic forms having a diameter of 134 inches 
and winding length of 3 inches. Such coils 
would be suitable for oscillator and buffer 
stages where the power is not over 50 watts. 
In all cases the number of turns given must be 
wound to fit the length indicated and the turns 
should be evenly spaced. 

Fig. 422 gives data on coils wound on trans- 
mitting-type ceramic forms. In the case of the 
smallest form, extra curves are given for 
double-spacing (winding turns in alternate 
grooves). This is sometimes advisable in the 
case of 14- and 28-Me. coils when only a few 
turns are required. In all other cases it is as- 
sumed that the specified number of turns is 
wound in the grooves without any additional 
spacing. 

Ratings of components — The peak voltage 
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the tank circuit as well as the d.c. plate voltage. 
essary for a Q of 12 has been determined from Peak voltage may be determined from Fig. 420, 
Fig. 419, the inductance required to resonate which shows all of the commonly used tank- 
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Fig. 420 — In circuits A, B, C, D and E, the peak voltage E will be approximately equal to the d.c. plate voltage 
applied for c.w. or twice this value for phone. In circuits F, G, H, I, J and K, E will be twice the d.c. plate voltage 
for c.w. or 4 times the plate voltage for phone. Circuit is assumed to be fully loaded. Tubes in parallel in any of the 
circuits will not affect the peak voltage. Circuits A, C, E, F, G and H require that the tank condenser be insulated 
from chassis or ground and be provided with a suitably insulated shaft coupling for tuning. 
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Fig. 421—Coil-winding data for receiving-type 

forms, diameter 114 inches. Curve A — winding length, 

1 inch; Curve B — winding length, 14% inches; Curve 

C — winding length, 2 inches. Curve C is also suitable 

for coils wound on 134-inch diameter ceramic forms 
with 3 inches of winding length. 


that the amplifier is fully loaded; the voltage 
will rise considerably should the amplifier be 
‘operated without load. The figures include a 
reasonable factor of safety. 

The condenser plate spacing required to 
withstand any particular voltage will vary 
with the construction. Most manufacturers 
specify peak voltage ratings for their condensers. 

Plate or screen by-pass condensers of 0.001 
ufd. should be satisfactory for frequencies as 
low as 1.7 Mc. Cathode-resistor and filament 
by-passes in r.f. circuits should be not less than 
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Fig. 422 — Coil-winding data for ceramic transmit- 
ting-type forms. Curve A—ceramic form 21-inch 
effective diameter, 26 grooves, 7 per inch; Curve B — 
same as A, but with turns wound in alternate grooves; 
Curve C — ceramic form 27-inch effective diameter, 
32 grooves, 7.1 turns per inch, app.; Curve D — ceramic 
form 4-inch effective diameter, 28 grooves, 5.85 turns 
per inch, app.; Curve E — ceramic form 5-inch effec- 
tive diameter, 26 grooves, 7 per inch. Coils may be 
wound with No. 12 or No. 14 wire. 
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0.01 ufd. Condensers should have voltage rat- 
ings 25 to 50% greater than the maximum d.c. 
or a.c. voltage across them. 

Interstage coupling condensers should have 
voltage ratings 50% to 100% greater than the 
sum of the driver plate and amplifier biasing 
voltages. 


@4-9 ADJUSTMENT OF POWER 
AMPLIFIERS 

Excitation — The effectiveness of adjust- 
ments to the coupling between the driver plate 
and amplifier grid circuits can be gauged by the 
relative values of amplifier rectified grid cur- 
rent and driver plate current, the object being 
to obtain maximum grid current with minimum 
driver loading. The amplifier grid circuit rep- 
resents the load on the driver, and the average 
grid impedance must be transformed to the 
proper value for optimum driver operation 
(§ 4-8). 

With capacity coupling, either the driver 
plate or amplifier grid must be tapped down on 
the driver tank coil as shown in Fig. 410 at A 
and B unless the grid impedance is approxi- 
mately the right value for the driver plate load, 
when it will be satisfactory to connect both 
elements to the end of the tank. If the grid im- 
pedance is lower than the required driver plate 
load, Fig. 410-A is used; if higher, Fig. 410-B. 
In either case the coupling which gives the 
desired grid current with minimum driver load- 
ing should be determined experimentally by 
moving the tap. Should both plate and grid be 
connected to the end of the circuit it is some- 
times possible to control the loading, when the 
grid impedance is low, by varying the capacity 
of the coupling condenser, C, but this method 
is not altogether satisfactory since it is simply 
an expedient to prevent driver overloading 
without giving suitable impedance matching. 

In push-pull circuit.. the method of adjust- 
ment is the same, except that the taps should 
be kept symmetrically located with respect to 
the center of the tank circuit. 

With link coupling, Fig. 411, the object of 
adjustment is the same. The two tanks are 
first tuned to resonance, as indicated by maxi- 
mum grid current, and the coupling adjusted 
by means of the links (§ 4-6), to give maximum 
grid current with minimum driver plate cur- 
rent. This will usually suffice to load the driver 
to its rated output provided the driver plate 
and amplifier grid tank circuits have reasonable 
values of Q. If the Q of one or both of the cir- 
cuits is too low, it may not be possible to load 
the driver fully with any adjustment of link 
turns or coupling at either tank. In such a case _ 
the Qs of the tank circuits must be increased to 
the point where adequate coupling is secured. 
If the driver plate tank is designed to have a Q 
of 12, the difficulty almost invariably is in the 


amplifier grid tank. Its Q can be increased to a 
suitable value by adjustment of the Z/C ratio 
or by tapping the load across part of the coil 
(§ 2-10). 

Whatever the type of coupling, a preliminary 
adjustment should be made with the proper 
bias voltage and/or grid leak, but with the 
amplifier plate voltage off; then the amplifier 
should be carefully neutralized. After neutrali- 
zation, the driver-amplifier coupling should be 
readjusted for optimum power transfer, after 

which plate voltage may be applied and the 
amplifier plate circuit adjusted to resonance 
and coupled to its load. Under actual operating 
conditions the grid current decreases below the 
value obtained without plate voltage on the 
amplifier and the effective grid impedance 
rises, hence the final adjustment is to recheck 
the coupling to take care of this shift. 

With recommended bias, the grid current 
obtained before plate voltage is applied to the 
amplifier should be 25% to 30% higher than 
the value required for operating conditions. 
If this value is not obtained, and the driver 
plate input is up to rated value, the reason may 
be either improper matching of the amplifier 
grid to the driver plate or simply insufficient 
power output from the driver to take care of all 
losses. Driver operating voltages should be 
checked to assure they are up to rated values. 
If batteries are used for bias and are not strictly 
fresh, they should be replaced, since batteries 
which have been in use for some time often 
develop high’ internal resistance which effec- 
tively acts as additional grid-leak resistance. 
If a rectified a.c. bias supply is used, the 
bleeder or voltage-divider resistances should 
be checked to make certain that low grid cur- 
rent is not caused by greater grid-circuit re- 
sistance than is recommended. In this connec- 
tion it is helpful to measure the actual bias 
when grid current is flowing, by means of a 
high-resistance d.c. voltmeter. There is also 
the possibility of loss of filament emission of 
the amplifier tube either from prolonged serv- 
ice or from operating the filament under or 
over the rated voltage. 

Plate tuning — In preliminary tuning, it is 
desirable to use low plate voltage to avoid 
possible damage to the tube. With excitation 
and plate voltage applied, rotate the plate tank 
condenser until the plate current dips, then set 
the condenser at the minimum plate-current 
point (resonance). When the resonance point 
has been found, the plate voltage may be 
increased to its normal value. 

With adequate excitation, the off-resonance 
plate current of a triode amplifier may be two 
or more times the normal operating value. 
With screen-grid tubes, the off-resonance plate 
current may not be much higher than the nor- 
mal operating value since the plate current is 
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principally determined by the screen rather 
than the plate voltage. 

With reasonably efficient operating condi- 
tions, the minimum plate current with the 
amplifier unloaded will be a small fraction of 
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the rated plate current for the tube (usually a 
fifth or less) since with no load the parallel 
impedance of the tank circuit is high. If the ex- 
citation is low, the “dip” will not be very 
marked, but with adequate excitation the 
plate current at resonance without loading will 
be just high enough so that the d.c. plate 
power input supplies all the losses in the tube 
and circuit. As an indication of probable effi- 
ciency, the minimum plate current value 
should not be taken too seriously, because 
without load the Q of the circuit is high and 
the tank current relatively large. When the 
amplifier is delivering power to a load, the 
circulating current drops considerably and the 
tank losses correspondingly decrease. High 
minimum unloaded plate current is chiefly 
encountered at 28 Me. and above, where tank 
losses are higher and the tank L/C ratio is 
usually lower than normal because of irre- 
ducible tube capacities. The effect is particu- 
larly noticeable with screen-grid tubes which 
have relatively high output capacity. Because 
of the decrease in tank r.f. current with loading, 
however, the actual efficiency under load is 
reasonably good. : 

With the load (antenna or following amplifier 
grid circuit) connected, the coupling between 
plate tank and load should be adjusted to make 
the tube take rated plate current, keeping the 
tank always tuned to resonance. As the output 
coupling is increased, the minimum plate cur- 
rent will also increase about as shown in Fig. 
423. Simultaneously, the tuning becomes less 
sharp, because of the increase in effective re- 
sistance of the tank. If the load circuit simu- 
lates a resistance, the resonance setting of the 
tank condenser will be practically unchanged 
with loading; this is generally the case since 
the load circuit itself usually is also tuned to 
resonance. A reactive load (such as an antenna 

or feeder system which is not tuned exactly to 
resonance) may cause the tank condenser 
setting to change appreciably with loading 
since reactance as well as resistance is coupled 
into the tank (§ 2-11). 

Power output — As a check on the opera- 
tion of an amplifier, its power output may be 
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measured by the use of a load of known re- 
sistance coupled to the amplifier output as 
shown in Fig. 424. At A a thermoammeter M 
and non-inductive (ordinary wire-wound re- 
sistors are not satisfactory) resistance R are 
connected across a coil of a few turns coupled 
to the amplifier tank coil. The higher the re- 
sistance of R, the greater the number of turns 
required in the coupling coil. A resistor used 
in this way is generally called a ‘‘dummy an- 
tenna,’’ since its use permits the transmitter 
to be adjusted without actually radiating 
power. The loading may readily be adjusted 
by varying the coupling between the two coils, 
so that the amplifier draws rated plate current 
when tuned to resonance. The power output is 
then calculated from Ohm’s Law: 


P (watts) = ?R 


where J is the current indicated by the thermo- 
ammeter and # is the resistance of the non- 
inductive resistor R. Special resistance units are 
available for this purpose ranging from .73 to 
600 ohms (simulating antenna and transmis- 
sion-line impedances) at power ratings up to 
100 watts. For higher powers, the units may be 
connected in series-parallel. The meter scale 
required for any expected value of power out- 
put may also be determined from Ohm’s Law: 
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Incandescent light bulbs can be used to re- 
place the special resistor and thermoammeter. 
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Fig. 424 — “Dummy antenna” circuits for checking 
power output and making operating adjustments with- 
out applying power to the actual antenna. 
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The lamp should be equipped with a pair of 
leads, preferably soldered to the terminals on 
the lamp base. The coupling should be varied 
until the greatest brilliance is obtained for a 
given plate input. In using lamps as dummy 
antennas, a size corresponding to the expected 
power output should be selected so that the 
lamp will operate near its normal brilliancy. 
Then when the adjustments have been com- 
pleted an approximation of the power output 
can be obtained by comparing the brightness of 
the lamp with the brightness of one of similar 
power rating in a 115-volt socket. 

The circuit of Fig. 424-B is for resistors or 
lamps of relatively high resistance. In using 
this circuit, care should be taken to avoid ac- 
cidental contact with the plate tank when the 
power is on. This danger is avoided by circuit 
C, in which a separate tank circuit, LC, tuned 
to the operating frequency, is coupled to the 
plate tank circuit. The loading is adjusted by 
varying the number of turns across which the 
dummy antenna is connected on L and by 
changing the coupling between the two coils. 
With push-pull amplifiers, the dummy antenna 
should be tapped equally on either side of the 
center of the tank, when Fig. 424-B is used. 

Harmonic suppression — The most im- 
portant step to take in elimination of harmonic 
radiation (§ 4-8, 2-12) is to use an output tank 
circuit having a Q of 12 or more. Beyond this, 
it is desirable to avoid any considerable amount 
of over-excitation of a Class-C amplifier, since 
excitation in excess of that required for normal 
Class-C operation further distorts the plate- 
current pulse and increases the harmonic con- 
tent in the output of the amplifier even though 
the proper tank Q is used. If the antenna sys- 
tem will accept harmonic frequencies they will 
be radiated when present, consequently the an- 
tenna coupling system preferably should be se- 
lected with harmonic transfer in mind (§ 10-6). 

Harmonic content can be reduced to some 
extent by preventing distortion of the r.f. 
grid voltage waveshape. This can be done by 
using a grid tank circuit with high effective 
Q. Link coupling between the driver and final 
amplifier are helpful, since the two tank cir- 
cuits provide more attenuation than one at the 
harmonic frequencies. However, the advan- 
tages of link coupling in this respect may be 
nullified unless the Q of the grid tank is high 
enough to give good voltage regulation and 
thus prevent distortion in the grid circuit. 

The stray capacity between the antenna 
coupling coil and the tank coil may be sufficient 
to couple harmonic energy into the antenna 
system. This coupling may be eliminated by 
the use of electrostatic shielding (Faraday 
shield) between the two coils. Fig. 425 shows 
the construction of such a shield, while Fig. 426 
illustrates the manner in which it is installed. 


The construction shown in Fig. 425 is used to 
prevent current flow in the shield, which would 
occur if the wires formed closed circuits since 
the shield is in the magnetic field of the tank 
coil. Should this occur there would be magnetic 
shielding as well as electrostatic; in addition, 
there would be an undesirable power loss in the 
shield. 

Improper operation — Inexact neutraliza- 
tion or stray coupling between plate and grid 
circuits may result in regeneration. This effect 
is most evident with low excitation, when the 
amplifier will show a sudden increase in output 
when the plate tank circuit is tuned slightly 
to the high-frequency side of resonance. It is 
accompanied by a phenieamniees increase in 
grid current. 

Self-oscillation is apt to occur with tubes of 
high power sensitivity such as the r.f. pentodes 
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Fig. 425 — The Faraday shield. It is made of parallel 
conductors, insulated from each other except at one end 
where all are joined. Stiff wire or small diameter rod may 
be used, spaced about the diameter of the wire or rod. 


and tetrodes. In event of either regeneration 
or oscillation, circuit components should be 
arranged so that those in the plate circuit are 
well isolated from those of the grid circuit. 
Plate and grid leads should be made as short 
as possible and the screen should be by-passed 
as close to the socket terminal as possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
sometimes required. 

“Double resonance” or two tuning spots on 
the plate tank condenser, one giving minimum 
plate current and the other maximum. power 
output, may occur when the tank circuit Q is 
too low (§ 2-10). A similar effect also occurs 
at times with screen-grid amplifiers when the 


Fig. 426 — Methods of using the Fara- 
day shield. Two are required with a push- 
pull or balanced tank circuit. The shield 
should be somewhat larger than the di- 
ameters of the coupled coils, and should 
be inserted between them so each is 
completely unexposed to the other. 
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screen voltage regulation (§ 8-1) is poor, as 
when the screen is supplied through a dropping 
resistor. The screen voltage decreases with an 
increase in plate current, because the screen 
current increases under the same conditions. 
Thus the minimum plate current point causes 
the screen voltage, and hence power output, 
to be less than when a slightly higher plate 
current is drawn. 

A phenomenon known as ‘‘grid..emission”’ 
may occur when the amplifier tube is oper- 
ated at higher than rated power dissipation on 
either the plate or grid. It is particularly likely 
to occur with tubes having oxide-coated cath- 
odes such as the indirectly-heated types. It is 
caused by the grid reaching a temperature high 
enough to cause electron emission (§ 2-4). 
The electrons so emitted are attracted to the 
plate, further increasing the power input and 
heating, so that grid emission is characterized 
by gradually increasing plate current and heat 
which eventually will ruin the tube if the power 
is not removed. Grid emission can be prevented 
by operating the tube within its ratings. 


@4-10 PARASITIC OSCILLATIONS 


Description — If the circuit conditions in 
an oscillator or amplifier are such that self- 
. oscillation: at some frequency other than that 
desired exist, the spurious oscillation is termed 
parasitic. The energy required to maintain a 
parasitic oscillation is wasted so far as useful 
output is concerned, hence an oscillator or 
amplifier having parasitics will operate at re- 
duced efficiency. In addition, its behavior at 
the operating frequency often will be erratic. 
Parasitic oscillations may be higher or lower 
in frequency than the operating frequency of 
the amplifier. 

The parasitic oscillation usually starts the 
instant plate voltage is applied or, when the 
amplifier is biased beyond cut-off, at the instant 
excitation is applied. In the latter case, the 
oscillation frequently will be self-sustaining 
after the excitation has been removed. At other 
times the oscillation may not be self-sustaining, 
becoming active only in the presence of excita- 
tion. It may be apparent only by the produc- 
tion of abnormal key clicks (§ 6-1) over a wide 
frequency range or by the presence of sim- 
ilarly wide-spread spurious side-bands (§ 5-2) 
with ’phone modulation. 
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Low-frequency parasitics — Parasitic os- 
cillations at low frequencies (usually 500 ke. or 
less) are of the tuned-plate tuned-grid type, 
the tuned circuits being formed by r.f. chokes 
and associated by-pass and coupling condens- 
ers, with the regular tank tuning condensers 
having only a minor effect on the oscillation. 
The operating-frequency tank coil has negligi- 
ble inductance for such low frequencies and 
may be short-circuited without affecting the 
oscillations. The oscillations do not occur when 
no r.f. chokes are used, hence whenever possible 
in series-fed circuits such chokes should be 
omitted. With single-ended amplifiers it is 
usually possible to arrange the circuit so that 
either the grid or plate circuit needs no choke. 
In push-pull stages where chokes must be used 
in both plate and grid circuits, it is helpful 
to connect an unby-passed grid leak from the 
choke to the bias supply or ground, thus placing 
the resistance in the parasitic circuit and tend- 
ing to prevent oscillation. When the driver 
plate circuit has parallel feed and the amplifier 
grid circuit series feed (§ 3-7) this type of os- 
cillation cannot occur so long as no choke is 
used in the series grid circuit, since the grid is 
grounded through the tank coil for the parasitic 
frequency. ; 

Parasitics near operating frequency — In 
circuits utilizing a tap on the plate tank coil 
to establish a ground for a balanced neutralizing 
circuit, such as Fig. 413-B, a parasitic oscilla- 
tion may be set up if the amplifier grid is 
tapped down on the grid (or driver plate) tank 
circuit for adjustment of driver-amplifier 
coupling (§ 4-6). In this case the turns between 
grid and ground, and between plate and 
ground, form with the stray and other capaci- 
ties present a t.p.t.g. circuit (§ 3-7) which os- 
cillates at a frequency somewhat higher than 
the nominal operating frequency. Such an os- 
cillation can be prevented by dispensing with 
the taps in either the plate or grid circuit. 
Balancing the plate circuit by means of a split- 
stator condenser, as in Fig. 413-C, is recom- 
mended. 

Ultra-high frequency parasitics — Para- 
sitics in the u.h.f. region are likely to occur 
with any amplifier having a balanced tank cir- 
cuit, particularly when associated with neu- 
tralizing connections. The parasitic circuit may 
be either of the t.p.t.g. or ultraudion type, 
and is formed by the leads connecting the 
various components. 

The frequency of such oscillations may be 
determined by connecting a tuned circuit in 
series with the grid lead to the tube. A variable 
condenser (50 or 100 uyfd.) may be used in 
conjunction with three or four self-supporting 
turns of heavy wire wound in a coil an inch or 
so in diameter. With the amplifier oscillating at 
the parasitic frequency, the condenser is slowly 
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tuned through its range until oscillations cease. 
In case this point is not found on first trial, the 
turns of the coil may be spread apart or a turn 
removed and the process repeated. While this 
may not be the simplest cure in all cases, the 
use of such a tuned circuit as a trap is an al- 
most certain remedy, if the frequency can be 
determined, and introduces little if any loss at 
the operating frequency. , 

An alternative cure which is feasible when 
the oscillation is of the t.p.t.g. type is to detune 
the parasitic circuit in either the plate or grid 
circuit. Since this type of oscillation occurs 
most frequently with push-pull amplifiers, 
it may often be cured by making the grid and 
plate leads to their respective tank circuits of 
considerably different length. Similar consid- 
erations apply to neutralizing connections in 
push-pull circuits. The extra wire length may 
be coiled up in the form of a so-called ‘‘choke,”’ 
which in this case is simply additional induc- 
tance for detuning the parasitic circuit. 

Testing for parasitic oscillations — An 
amplifier always should be tested for parasitic 
oscillations before being considered ready for 
service. The preferable method is first to 
neutralize the amplifier, then apply sufficient 
fixed bias to permit a moderate value of plate 
current to flow without excitation. (The plate 
current should not be large enough to cause 
the power input to exceed the rated plate dis- 
sipation of the tube.) If the amplifier is free 
from self-starting parasitics the plate current 
will remain steady as the tank condensers are 
varied in capacity; also, there will be no grid 
current and a neon bulb touched either to the 
plate or grid will show no glow. Care must be 
used not to let the hand come in contact with 
any metal parts of the transmitter in using the 
neon bulb. 

If any of these effects are present the fre- 
quency of the parasitic must first be deéter- 
mined. If r.f. chokes are used in both the plate 
and grid circuits one of them should be short- 
circuited to determine if the oscillation is at a 
low frequency; if so, it may be eliminated by 
the methods outlined above. If the test indi- 
cates that the parasitic is not a low-frequency 
oscillation, the grid trap described above should 
be tried for the u.h.f. type. The type which 
occurs near the operating frequency will not 
occur unless the plate and grid tank coils are 
both tapped, hence may be eliminated from 
consideration if this is not the case in the cir- 
cuit used. When it is possible for such an oscil- 
lation to be present, its existence can be de- 
tected very readily by moving the grid tap to 
include the whole tank circuit, when the oscil- 
lation will cease. 

Some indication of the frequency of the para- 
sitic can be obtained from the color of the 
glow in the neon bulb. Usually it will be yellow- 


ish with low-frequency oscillations and violet 
with u.h.f. oscillations. 

If the amplifier is stable under the condi- 
tions described above, excitation should be 
applied and then removed to ascertain if a self- 
sustaining oscillation is set up with excitation. 
If the plate current does not return to the 
previous value when the excitation is cut off, 
the same tests should be applied to determine 
the parasitic frequency. 

As a final test, the transmitter should be put 
on the air and a nearby receiver tuned over 
as wide a frequency range as possible to locate 
any off-frequency signals associated with the 
radiation. Parasitics usually can be recognized 
by their poor stability, as contrasted to the 
normal transmitter harmonics, which will have 
the same stability as the fundamental signal 
as well as the usual harmonic frequency rela- 
tionship. Harmonics should be quite weak 
compared to the fundamental frequency, 
whereas parasitic oscillations may have con- 
siderable strength. 


@4-11 FREQUENCY MULTIPLICATION 


Circuits — A frequency multiplier is an 
amplifier having its plate tank circuit tuned 
to a multiple (harmonic) of the frequency ap- 
plied to its grid. The difference between a 
straight amplifier (§ 4-1) and a frequency mul- 
tiplier is in the way in which it is operated 
rather than in the circuit. However, since the 
grid and plate tank circuits are tuned to differ- 
ent. frequencies a triode frequency multiplier 
will not self-oscillate, hence does not need neu- 
tralization. A typical circuit arrangement is 
shown in Fig. 427-A. For screen-grid multi- 
pliers the circuit is the same as in Fig. 412-A. 
Under usual conditions the plate efficiency of a 
frequency multiplier drops off rapidly with an 
increase in the number of times the frequency 
is multiplied. For this reason most multipliers 
are used as frequency doublers, giving second 
harmonic output. 

A special circuit for frequency doubling 
(‘‘push-push”’ doubler) is shown in Fig. 427-B. 
The grids of the tubes are in push-pull and the 
plates in parallel, thus the plate tank circuit 
receives two pulses of plate current for each 
cycle of excitation frequency. The circuit is 
similar in principle to the full-wave rectifier 
(§ 8-3) where the ripple frequency is twice the 
applied frequency. 

Push-pull amplifiers are suitable for fre- 
quency multiplication at odd harmonics but 
are unsuited to doubling or other even-har- 
monic multiplication because the even har- 
monies are largely balanced out in the tank 
circuit (§ 3-3). 

Operating conditions and circuit con- 
stants — To obtain good efficiency the operat- 
ing angle at the harmonic frequency must be 
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180 degrees or less, preferably in the vicinity 
of 150-120 degrees (§ 4-8). In a doubler this 
means that plate current should flow during 
only half this angle of fundamental frequency. 
Consequently the r.f. grid voltage, operating 
bias, and grid driving power must be increased 
considerably beyond the values obtaining for 
normal Class-C amplification. For comparable 
plate efficiency the bias will ordinarily be four 
to five times the normal Class-C bias, and the 
r.f. grid voltage must be considerably larger 
to drive the tube to the same peak plate cur- 
rent. Since the plate and grid current pulses 
under these conditions have the same peak 
amplitudes but only half the time duration as 
in a straight amplifier, the average d.c. values 
should be one-half those for normal Class-C 
operation. That is, a tube operated in this way 
will have the same plate efficiency as a Class-C 
amplifier, but can be operated at only half the 
plate input so that the output power also is 
halved. The driving power required is usually 
about twice that for straight-through ampli- 
fication with the same plate efficiency. 
Greater output can be secured by using a 
larger operating angle (lower grid bias) or 
lower plate load resistance to increase the plate 
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Fig. 427 — Frequency-multiplying circuits. A is for 
triodes, used either singly or in parallel. The push- 
push doubler is shown at B. Any type of coupling may 
be used between the grid circuit and the driver. Ci 
should be 0.01 yfd. or larger; C2, 0.001 ufd. or larger. 
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current, but this is accompanied by a decrease 
in efficiency. Since operation as described 
above is below the maximum plate dissipation 
rating of the tube, the decrease in efficiency can 
usually be tolerated in the interests of securing 
somewhat more power output. Ordinarily the 
efficiency is 40% to 50%. 

The tank circuit should have reasonably 
high Q (12 is satisfactory) to give good output 
voltage regulation (§ 4-9) since a plate-current 
pulse occurs only once every two cycles of out- 
put. frequency. A low-Q circuit (high L/C 
ratio) is helpful chiefly when the operating 
angle is greater than 180 degrees at the second 
harmonic. Such a tank circuit will have rela- 
tively high impedance to the considerable 
fundamental-frequency component of plate 
current which is present with large operating 
angles, and thus aid in reducing the average 
d.c. plate current. 

The grid impedance of a frequency multi- 
plier is considerably higher than that of a 
straight amplifier because of the high bias 
voltage. The average impedance can be ecalcu- 
lated as previously described (§ 4-8). The 
L/C ratio of the grid tank circuit may be 
higher, therefore, for a given Q. It is often ad- 
vantageous to use a fairly high ratio since a 
large r.f. voltage must be developed between 
grid and cathode, so long as it is not made too 
high (Q too low) to permit adequate coupling 
between the grid tank circuit and the driver 
stage. In some cases it may be necessary to step 
up the driver output voltage to obtain suffi- 
cient r.f. grid voltage for the doubler; this may 
be done by tapping the driver plate on its tank 
circuit, when capacity coupling is used, or 
by similar tapping or use of a higher C/L ratio 
in the driver plate tank when the stages are 
link-coupled (§ 4-6). 

Tubes for frequency multiplication — 
There is no essential difference between tubes 
of various characteristics in their performance 
as frequency doublers. Tubes having high 
amplification factors will require somewhat 
less bias for equivalent operation, but the grid 
driving power needed is almost independent of 
the p, assuming tubes of otherwise similar con- 
struction and characteristics. Pentodes and 
tetrodes having high power sensitivity will, 
as in normal amplifier operation, require less 
driving power than triodes for efficient dou- 
bling, although more power will be needed than 
for straight amplification. 


e4-I2 ULTRA-HIGH-FREQUENCY 
OSCILLATORS 
Linear circuits — At ultra-high frequen- 
cies tube interelectrode capacities become of 
increasing importance, so that eventually the 
shortest possible straight wire connection be- 
tween elements, in conjunction with internal 
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leads and capacities, represents the highest 
possible frequency to which the tube can be 
tuned. The tube usually will not oscillate up to 
this limit because of dielectric losses in the seals 
and other loading effects (§ 7-6). With most 
small tubes of ordinary construction the upper. 
limit of oscillation is in the region of 150 Mc.; 
for higher frequencies it is necessary to use 
special u.h.f. tubes having low interelectrode 
capacities and low internal lead inductance. 
Only a few types are capable of developing 
more than a few watts at frequencies of 300 
Me. and higher. 

Although ordinary coil and condenser tank 
circuits can be used at frequencies as high as 
112 Mce., the Q of such circuits is low at ultra- 
high frequencies because of increased losses, 
so that both stability and efficiency are poor. 
For this reason special tank circuits of the lin- 
ear type (§ 2-12) are preferable. These may be 
any multiple of a quarter wave in length, the 
Q increasing with the number of quarter 
waves. The quarter-wave line is generally 
used, however, because of the considerable 
space required for longer lines. At 112 Me. 
it is also possible to build high-Q tank circuits 
with lumped constants, not in the form of ordi- 
nary coils and condensers but with large con- 
ducting surfaces to reduce resistance to the 
lowest possible value. 

The oscillator circuits used are the same in 
principle as on the lower frequencies (§ 3-7) 
although frequently modified considerably to 
compensate for inherent capacities and induc- 
tances which are negligible at lower frequencies. 

Two-conductor lines — The quarter-wave 
two-conductor open line is equivalent to a 
resonant circuit (§ 2-12) and can be used as the 
tank circuit (§ 3-7) in an oscillator. It should 
be used as a balanced circuit to avoid unequal 
currents in the two conductors and consequent ° 
loss of Q because of radiation. 

A typical oscillator circuit of the ultraudion 


type is shown in Fig. 428. The resonant line is 


usually constructed of copper tubing to give 
a large conducting surface and hence reduce 
resistance, and also to make a mechanically- 
stable circuit and thus minimize the effects of 
vibration on the oscillator frequency. The line 
should be approximately a quarter wavelength 
long, although the resonant frequency will 
decrease somewhat when the tube with its in- 
ternal capacities is connected across it so that a 
somewhat shorter length is ordinarily suffi- 
cient. The frequency can be changed by means 
of the shorting bar, which can be moved along 
the line to change its effective length. 

The tube elements preferably should be 
tapped down on the line as shown to reduce 
the loading effect and thus prevent an undue 
decrease in Q. In general, these taps should be 
as close to the shorted end of the line as is con- 
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Fig. 428 — Single-tube line oscillator. The grid con- 
denser, Ci, may be 50 yyfd.; grid leak, Ri, 5000 to 50,000 
* ohms depending upon the type of tube. The choke, 
RFC, will in general consist of relatively few turns (20 
to 50) wound to a diameter of 14 inch, although dimen- 
sions will change considerably with the frequency. By- 
pass condensers should be small in size to reduce lead 
inductance; 500 uufd. is a satisfactory value. 


sistent with reliable operation and satisfactory 
power output, since the frequency stability 
will be better under these conditions. 

The coils (Z) in the filament circuit are fre- 
quently required at 112 Me. and higher to com- 
pensate for the effects of the inductance of 
connecting leads, which in many cases are long 

‘enough to cause an appreciable phase shift 
(§ 2-7) which reduces the oscillator efficiency. 
The effective length of the filament circuit to 
the points of connection to the lines should be 
approximately 44 wavelength to bring the 
filament to the same potential as the shorted 
ends of the lines. The proper inductance must 





Fig. 429 — Push-pull line oscillator circuits. See Fig. 428 and 
text for discussion of circuit constants. 
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be determined by experiment, the coils being 
adjusted until optimum stability and power 
output are obtained. ' 

The oscillation frequency may also be ad- 
justed by connecting a low-capacity variable 
condenser across the open end of the line. The 
added capacity makes it necessary to shorten 
the line considerably for a given frequency, 
however, and this together with the additional 
loss in the condenser causes a marked decrease 
in the Q of the line. These effects will be less if 
the condenser is connected down on the line 
rather than at the open end. Tapping down 
also gives a greater band-spread tuning effect 
(§ 7-7). : 

Push-pull oscillators — It is often advan- 
tageous to use a push-pull oscillator circuit at 
ultra-high frequencies, not only as a means to 
secure more power output than can be ob- 
tained from one tube but also because better 
circuit symmetry is possible with open lines. 
Fig. 429 shows a typical push-pull circuit of 
the t.p.t.g. (§ 3-7) type. The grid line is usually 
operated as the frequency-controlling circuit 
since it is not associated with the load and 
hence its Q can be kept high. The same adjust- 
ment considerations apply as in the case of the 
single-tube oscillator described in the preced- 
ing paragraph. The grid taps in particular 
should be tapped down as far as possible, thus 
improving the frequency stability. 

It is also possible to use a linear tank in the 
grid circuit for frequency control in conjunc- 
tion with a conventional coil-condenser tank 
in the plate circuit, where the lower Q does not 
have so great an effect on the sta- 
bility. 

Fig. 429-B shows a push-pull oscil- 
‘lator having tuned plate and cathode 
circuits, using linear tanks for each. 
The grids are connected together and 
grounded through the grid leak, Rj; 
ordinarily no by-pass condenser is 
needed across Ay. This circuit gives 
good power output at ultra-high fre- 
quencies, but is not especially stable 
unless the plates are tapped down on 
the plate tank circuit to avoid too 
great a reduction in Q. Tapping on the 
cathode line is not feasible for me- 
chanical reasons, since one filament 
lead must be brought through the 
tubing in order to maintain both sides 
of the filament at the same r.f. po- 
tential. 

Concentric-line circuits — At fre- 
quencies in the neighborhood of 300 
Me. radiation (§ 2-12) from the open 
line becomes so serious that the Q is 
greatly reduced. This is because the 
conductor spacing represents an ap- 
preciable fraction of the wavelength. 
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Consequently at these frequencies the concen- 
tric line must be used. In this type the field is 
confined inside the line so that radiation is neg- 
ligible; there is a further advantage in that the 
outside of the line is ‘‘cold”’; that is, no r.f. po- 
tentials develop between points on the outer 
surface. The concentric line also is advanta- 
geous at lower frequencies, but as it is more 
complicated to construct and length adjust- 
ment and tapping both are difficult mechan- 
ically, the open lines are generally favored. 
The concentric line is usually constructed of 
copper pipes arranged concentrically and short- 
circuited at one end. The optimum ratio of 
inner diameter of the outer conductor to the 
outer diameter of the inner conductor. is 3.6. 
Taps are usually made on the inner conductor 
and brought through a hole in the outer con- 
ductor to the tube element, as shown in Fig. 
430. The tube loads the line in the same way as 
described in the preceding paragraphs, hence 
the length is generally shorter than an actual 
quarter wavelength. The length can be ad- 
justed by a sliding short-circuiting disc at the 
closed end, a close fit and low-resistance con- 
tact being necessary to avoid reduction of the 
Q. It is also possible to make the inner con- 


_ 
y 
Y 
Y 
Y 
Y 
y 
Y 
Y 
7 
Y 
Y 
y 
Y 
Y 
j 





Fig. 430 — Concentric-line oscillator circuits. The 
line, usually of tubular conductors, is shown in cross- 
section. See Fig. 428 and text for discussion of circuit 
constants. 
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Fig. 431 — High-Q lumped-constant tank circuit in 
a u.h.f. oscillator. This drawing shows a cross-section of 
the tank, which is usually built of concentric cylinders. 


Ci and Ri are the grid condenser and leak, respectively; 
see Fig. 428 for discussion of circuit constants. 


ductor a pair of close-fitting concentric tubes 
so that one may be slid in and out of the other 
to change the effective conductor length. 

The circuit of Fig. 430-A is a t.p.t.g. (§ 3-7) 
oscillator using the concentric line in the grid 
circuit for frequency control. An ordinary coil- 
condenser tank is shown in the plate circuit, 
but a linear tank may be substituted. The 
filament inductances have the same function 
as in the preceding circuits. The ultraudion 
circuit is shown at B; the same considerations 
apply. In this case the output is taken from the 
line inductively by means of the half-turn 
“hairpin”? shown; coupling can be changed to 
some extent by varying the position of the hair- 
pin. Both circuits may be tuned by means of 
the small variable condenser C2, although this 
condenser may be omitted and the tuning 
accomplished by changing the line length. 

For ease of construction, the concentric line 
is sometimes modified into a ‘‘trough,’”’ in 
which the cross-section of the outer conductor 
is in the shape of a square ‘‘U,”’ one side being 
left open for tapping and adjustment of the 
inner conductor. Some radiation takes place 
with this construction, although not as much 
as with open lines. 

High-@Q circuits with lumped constants — 
To obtain reasonably high effective Q when a 
low resistance is connected across the tank 
circuit it is necessary to use a high C/Z ratio 
and a tank of inherently high Q (§ 2-10). At 
low frequencies the inherent Q of any well- 
designed circuit will be high enough so that it 
may be neglected in comparison to the effec- 
tive Q when loaded, so that no special pre- 
cautions have to be taken with respect to the 
resistance of coils and condensers. At ultra- 
high frequencies these internal resistances are 
too large to be ignored, and a reduction of the 


L/C ratio will not increase the effective Q 
unless the internal resistance of the tank can 
be made very small. The reduction in resistance 
can be brought about by use of large conduct- 
ing surfaces and elimination of radiation. In 
such cases the inductance and capacity are 
generally built as a unit; several arrangements 
are possible, one being shown in Fig. 431. 
The tank circuit consists of a rod A (the induc- 
tance) inside two concentric cylinders B and C 
which form a two-plate condenser, one plate 
being connected to each end of the inductance. 
The resonant frequency is determined by the 
length and diameter of A, and the length, 
diameter and spacing of B and C. The oscilla- 
tor shown uses the tickler circuit (§ 3-7) with 
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the feedback coil in the grid circuit; this induc- 
tance is the wire D in the diagram. Output is 
taken from the tank circuit by means of the 
hairpin coupling coil. The tank circuit may 
also be used in the ultraudion circuit, replacing 
the concentric line in Fig. 480-B. A variable 
condenser may be connected across the tank 
for tuning, if desired, although the Q may be 
reduced if a considerable portion of the tank 
r.f. current flows through it. 

This type of circuit actually has lumped 
constants only when the length is small (10% 
-or less) in proportion to the wavelength. At 
greater lengths it tends to act as a linear cir- 
cuit, eventually evolving into the concentric 
line. 
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5-1 MODULATION 

The carrier — The steady radio-frequency 
power generated by transmitting circuits can- 
not alone result in the transmission of an 
intelligible message to a receiving point. It 
serves only as a ‘‘carrier’’ for the message; 
the intelligence is conveyed by modulation 
(a change) of the carrier. In radiotelephony 
this modulation reproduces electrically the 
sounds it is intended to convey. 

Sound and alternating currents — Sounds 
are caused by vibrations of air particles. The 
pitch of the sound depends upon the rate of 
vibration; the more rapid the vibration the 
higher the pitch. Most sounds consist of com- 
plex combinations of vibrations of differing 
rates or frequencies; the human voice, for in- 
stance, generates frequencies from about 100 
per second to several thousand per second. 
The problem of transmitting speech by radio 
is therefore one of varying the r.f. carrier in a 
way which corresponds to the air-particle vi- 
brations. The first step in doing this is to 
change the sound vibrations into alternating 
electrical currents of the same frequency 
and relative intensity; the electromechanical 
device which achieves this translation is the 
microphone. These currents may then be 
amplified and used to modulate the normally- 
steady r.f. output of the transmitter. 

Methods of modulation — The carrier may 
be made to vary in accordance with the speech 
current by using the current to change the 
phase (§ 2-7) frequency or amplitude of the 
carrier. Amplitude modulation is by far the 
most common system, and is used exclusively 
on all frequencies below the ultra-high-fre- 
quency region (§ 2-7). Frequency modulation, 
which has special characteristics which make 
its use desirable under certain conditions, is 
used to a considerable extent on ultra-high 
frequencies. Phase modulation, which is closely 
related to frequency modulation, has had little 
or no direct application in practical com- 
munication. 


e5-2 AMPLITUDE MODULATION 


Carrier requirements — For proper ampli- 
tude modulation, the carrier should be com- 
pletely free from inherent amplitude variations 
such as might be caused by insufficient filtering 
of a rectified-a.c. power supply (§ 8-4). It is 
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also’ essential that the carrier frequency be 
entirely unaffected by the application of 
modulation. If modulating the amplitude. of 
the carrier also causes a change in the carrier 
frequency, the signal wobbles back and forth 
with the modulation, introducing distortion 
and widening the channel taken by the signal. 
This causes unnecessary interference to other 
transmissions. In practice, this undesirable 
frequency modulation is prevented by applying 
the modulation to an r.f. amplifier stage which 
is isolated from the frequency-controlling 
oscillator by a ‘‘buffer’’ amplifier. Amplitude 
modulation of an oscillator is almost always 
accompanied by frequency modulation. It is 
permitted on ultra-high frequencies above 112 
Me. because the problem of interference is 


_less acute than on lower frequencies. 


Percentage of modulation — In the ampli- 
tude-modulation system the audible output 
at the receiver depends entirely upon the 
amount of variation — termed depth of modu- 
lation — in the carrier wave and not upon the 
strength of the carrier alone. It is therefore 
desirable to obtain the largest permissible . 
variations in the carrier wave. This condition 
is reached when the carrier amplitude during 
modulation is at times reduced to zero and at 
other times increased to twice its unmodulated 
value. Such a wave is said to be fully modu- 
lated, or 100% modulated. Any desired degree 
of modulation can be expressed as a percent- 
age, using the unmodulated carrier as a base. 
Fig. 501 shows at A an unmodulated carrier 
wave; at B the same wave modulated 50%, 
and at C the wave with 100% modulation, 
using a sine-wave (§ 2-7) modulating signal. 
The outline of the modulated r.f. wave is 
called the modulation envelope. 

The percentage modulation can be found by 
dividing either Y or Z by X and multiplying 
the result by 100. If the modulating signal is 
not symmetrical, the larger of the two (Y or Z) 
should be used. 

Power in modulated wave — The ampli- 
tude values correspond to current or voltage, 
so that the drawings may be taken to represent 
instantaneous values of either. Since power 
varies as the square of either the current or 
voltage (so long as the resistance in the circuit 
is unchanged), at the peak of the modulation 
up-swing the instantaneous power in the wave 
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Fig. 501 — Graphical representation of (A) unmodu- 
lated carrier wave, (B) wave modulated 50%, (C) wave 


modulated 100%. 


of Fig. 501-C is four times the unmodulated 
carrier power. At the peak of the down-swing 
the power is zero since the amplitude is zero. 
With a sine-wave modulating signal, the aver- 
age power in a 100%-modulated wave is one 
and one-half times the unmodulated carrier 
power: that is, the power output of the trans- 
mitter increases 50% with 100% modula- 
tion. 

Linearity — Up to the limit of 100% modu- 
lation, the amplitude of the carrier should 
follow faithfully the amplitude variations of 
the modulating signal. When the modulated 
r.f. amplifier is incapable of meeting this con- 
dition it is said to be non-linear. The amplifier 
may not, for instance, be capable of quadru- 
pling its power output at the peak of 100% 
modulation. A non-linear modulated amplifier 
causes distortion of the modulation envelope. 

Modulation characteristic — A graph 
showing the relationship between r.f. ampli- 


tude and instantaneous modulating voltage is ~ 


called the modulation characteristic of the 
modulated amplifier. This graph should bé a 
straight line (linear) between the limits of zero 
and twice carrier amplitude. Curvature of the 
line between these limits indicates non-line- 
arity. © 
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Modulation capability — The modulation 
capability of the transmitter is the maximum 
percentage of modulation that is possible 
without objectionable distortion from non- 
linearity. The maximum capability is, of 
course, 100%. The modulation capability 
should be as high as possible so that the most 
effective signal can be transmitted for a given 
carrier power. 

Overmodulation — If the carrier is modu- 
lated more than 100%, a condition such as is 
shown in Fig. 502 occurs. Not only does the 
peak amplitude exceed twice the carrier ampli- 
tude, but there may actually be a considerable 
period during which the output is entirely 
cut off. The modulated wave is therefore dis- 
torted. (§ 3-3) with the result that harmonics 
of the audio modulating frequency appear. 
The carrier should never be modulated more 
than 100%. 

Sidebands — The combining of the audio 
frequency with the r.f. carrier-is essentially a 
heterodyne process and therefore gives rise to 
beat frequencies equal to the sum and differ- 
ence of the a.f. and r.f. frequencies involved 
(§ 2-13). Therefore, for each audio frequency 
appearing in the modulating signal two new 
radio frequencies appear, one equal to the 
carrier frequency plus the audio frequency, 
the other equal to the carrier minus the audio 
frequency. These new frequencies are called 
side frequencies, since they appear on each 
side of the carrier, and the groups of side fre- 
quencies representing a band or group of 
modulation frequencies are called stdebands. 
Hence a modulated signal occupies a group 
of radio frequencies, or channel, rather than a 
single frequency as in the case of the unmodu- 
lated carrier. The channel width is twice the 
highest modulation frequency. To accommo- 
date the largest number of transmitters in a 
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Fig. 502 — An overmodulated wave. 
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given part of the r.f. spectrum it is apparent 
that the channel width should be as small as pos- 
sible, but on the other hand it is necessary, for 
speech of reasonably good quality, to use modu- 
lating frequencies up to about 3000 or 4000 
cycles. This calls for a channel width of 6 to 8 ke. 

Spurious side bands — Besides the normal 
side bands required by speech frequencies, 
unwanted side bands may be generated by 
the transmitter. These usually lie outside the 
normally-required channel and hence cause 
it to be wider without increasing the useful 
modulation. By increasing the channel width 
these spurious side bands cause unnecessary 
interference to other transmitters. The quality 
of transmission is also adversely affected when 
spurious side bands are generated. 

The chief causes of spurious side bands are 
harmonic distortion in the audio system, over- 
modulation, unnecessary frequency modula- 
tion, and lack of linearity in the modulated 
r.f. system. 

Types of amplitude modulation — The 
most widely used type of amplitude modula- 
tion system is that in which the modulating 
signal is applied in the plate circuit of a radio- 
frequency power amplifier (plate modulation). 
In a second type the audio signal is applied to 
a control-grid circuit (grid-bias modulation). 
A third system involves variation of both plate 
voltage and grid bias and is called cathode 
modulation. 


5-3 PLATE MODULATION 


Transformer coupling —In Fig. 503 is 
shown the most widely-used system of plate 
modulation. A balanced (push-pull Class-A, 
Class-AB or Class-B) modulator is trans- 
former-coupled to the plate circuit of the 
modulated r.f. amplifier. The audio-frequency 
power generated in the modulator plate circuit 
is combined with the d.c. power in the modu- 
lated-amplifier plate circuit by transfer through 
the coupling transformer, T. For 100% modu- 
lation the audio-frequency output of the 
modulator and the turns ratio of the coupling 
transformer must be such that the voltage at 
the plate of the modulated amplifier varies 
between zero and twice the d.c. operating plate 
voltage, thus causing corresponding variations 
in the amplitude of the r.f. output. 

Modulator power—The average power 
output of the modulated stage must increase 
50% for 100% modulation (§ 5-2), so that the 
modulator must supply audio power equal to 
50% of the d.c. plate input to the modulated 
r.f. stage. For example, if the d.c. plate power 
input to the r.f. stage is 100 watts, the sine- 
wave audio power output of the modulator 
must be 50 watts. 

Modulating impedance, linearity — The 
modulating impedance or load resistance pre- 
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Fig. 503 — Plate modulation of a Class-C r.f. am- 
plifier. The plate by-pass condenser, C, in the r.f. stage 
should have high reactance at audio frequencies. A value 
of 0.002 ufd. or less is usually satisfactory. 


sented to the modulator by the modulated 
r.f. amplifier, is equal to 


Ey 
— X 1000 
T x 


Pp 
where E;, is the d.c. plate voltage and J, the 
d.c. plate current in milliamperes, both meas- 
ured without modulation. 

Since the power output of the r.f. amplifier 
must vary as the square of the plate voltage 
(r.f. voltage proportional to applied plate 
voltage) in order for the modulation to be 
linear, the amplifier must operate Class-C 
(§ 3-4). The linearity depends upon having 
sufficient grid excitation, proper bias, and 
adjustment of circuit constants to the proper 
values (§ 4-8). 

Power in speech waves— The complex 
waveform of a speech sound translated into 
alternating current does not contain as much 
power, on the average, as there is in a pure 
tone or sine wave of the same peak (§ 2-7) 
amplitude. That is, with speech waveforms 
the ratio of peak to average amplitude is 
higher than in the sine wave. For this reason, 
the previous statement that the power output 
of the transmitter increases 50% with 100% 
modulation, while true for tone modulation, is 
not true for speech. On the average, speech 
waveforms will contain only about half as 
much power as a sine wave, both having the 
same peak amplitude. The average power out- 
put of the transmitter therefore increases only 
about 25% with 100% speech modulation. 
However, the instantaneous power output must 
quadruple on the peak of 100% modulation 


(§ 5-2) regardless of the modulating waveform. 
Therefore the peak capacity of the transmitter 
must be the same for any type of modulating 
signal. 

Adjustment of plate-modulated ampli- 
fiers — The general operating conditions for 
Class-C operation have been described (§ 3-4, 
4-8). The grid bias and grid current required 
for plate modulation are usually given in the 
operating data supplied by the tube manu- 
facturer; in general, the bias should be such 
as to give an operating angle (§ 4-8) of about 
120 degrees at carrier plate voltage, and the 
excitation should be sufficient to maintain the 
plate efficiency constant when the plate volt- 
age is varied over the range from zero to twice 
the d.c. plate voltage applied to the amplifier. 
For best linearity, the grid bias should be ob- 
tained partly from a fixed source of about the 
cut-off value supplemented by grid-leak bias 
to supply the remainder of the required operat- 
ing bias. 

The maximum permissible d.c. plate power 
input for 100% modulation is twice the sine- 
wave audio-frequency power output of the 
modulator. This input is obtained by varying 
the loading on the amplifier (keeping its tank 
circuit tuned to resonance) until the product 
of d.c. plate voltage and plate current is the de- 
sired power. The modulating impedance under 
these conditions will be the proper value for 
the modulator if the proper output trans- 
former turn ratio (§ 2-9) is used. 

Neutralization, when triodes are used, 
should be as nearly perfect as possible, since 
regeneration may cause non-linearity. The 
amplifier also should be free from parasitic 
oscillations (§ 4-10). 

Although the effective value (§ 2-7) of power 
input increases with modulation, as described 
above, the average plate input to a plate- 
modulated amplifier does not change, since 
each increase in plate voltage and plate cur- 
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Fig. 504 — Plate and screen modulation of a pentode 
Class-C r.f. amplifier. Plate and screen by-pass con- 
densers, C1 and C2, should have high reactance at audio 
frequencies (0.002 yfd. or less). 
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rent is balanced by an equivalent decrease in 
voltage and current. Consequently the d.c. 
plate current to a properly-modulated am- 
plifier is constant with or without modulation. 

Screen-grid amplifiers — Screen-grid tubes 
of the pentode or beam tetrode type can be 
used as Class-C plate-modulated amplifiers 
provided the modulation is applied to both the 
plate and screen grid. The method of feeding 
the screen grid with the necessary d.c. and 
modulation voltage is shown in Fig. 504. The 
dropping resistor, R, should be of the proper 
value to apply normal d.c. voltage to the sereen 
under steady carrier conditions. Its value 
can be calculated by taking the difference be- 
tween plate and screen voltages and dividing 
it by the rated screen current. 
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Fig. 505 — Choke-coupled plate modulation. 


The modulating impedance is found by di- 
viding the d.c. plate voltage by the sum of the 
plate and sereen currents. The plate voltage 
multiplied by the sum of the two currents is the 
power input figure which is used as the basis 
for determining the audio power required from 
the modulator. 

‘Choke coupling — In Fig. 505 is shown the 
circuit of the choke-coupled system of plate 
modulation. The plate power for the modulator 
tube and modulated amplifier is furnished from 
a common source through the modulation 
choke, L, which has high impedance for audio 


frequencies. The modulator operates as a power 


amplifier with the plate circuit of the r.f. 
amplifier as its load, the audio output of the 
modulator being superimposed on the d.e. 
power supplied to the amplifier. For 100% 
modulation the audio voltage applied to the 
r.f. amplifier plate circuit across the choke, L, 
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must have a peak value equal to the d.c. volt- 
age on the modulated amplifier. To obtain this 
without distortion, the r.f. amplifier must be 
operated at a d.c. plate voltage less than the 
modulator plate voltage, the extent of the volt- 
age difference being determined by the type 
of modulator tube used. The necessary drop in 
voltage is provided by the resistor Ry, which 
is by-passed for audio frequencies by the con- 
denser Cj. 

This type of modulation is seldom used 
except in very low-power portable sets, be- 
cause a single-tube Class-A (§ 3-4) modulator 
is required. The output of a Class-A modulator 
is very low compared to that obtainable from a 
pair of tubes of the same size operated Class-B, 
hence only a small amount of r.f. power can be 
modulated. 


@5-4 GRID-BIAS MODULATION 


Circuit — Fig. 506 is the diagram of a typi- 
cal arrangement for grid-bias modulation. 
In this system the secondary of an audio- 
frequency output transformer, the primary 
of which is connected in the plate circuit of 
the modulator tube, is connected in series with 
the grid-bias supply for the modulated ampli- 
fier. The audio voltage thus introduced varies 
the grid bias and thus the power output of 
the r.f. stage, when suitable operating condi- 
tions are chosen. The r.f. stage is operated as 
a Class-C amplifier, with the d.c. grid bias 
considerably beyond cut-off. 

Operating principles — In this system the 
plate voltage is constant, and the increase in 
power output with modulation is obtained by 
making the plate current and plate efficiency 
vary with the modulating signal. For 100% 
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Fig. 506 — Grid-bias modulation of a Class-C ampli- 
fier. The r.f. grid by-pass condenser, C, should have 
high reactance at audio frequencies (0.002 ufd. or less 
in usual cases). 
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modulation, both plate current and efficiency 
must, at the peak of the modulation up-swing, 
be twice their carrier values so that the peak 
power will be four times the carrier power. 
Since the peak efficiency in practicable circuits 
is of the order of 70% to 80%, the carrier effi- 
ciency ordinarily cannot exceed about 35% 
to 40%. For a given size of r.f. tube the carrier 
output is about one-fourth the carrier obtaina- 
ble from the same tube plate-modulated. The 
grid bias, r.f. excitation, plate loading and 
audio voltage in series with the grid must be 
adjusted to give a linear modulation charac- 
teristic. 

Modulator power — Since the increase in . 
average carrier power with modulation is se- 
cured by varying the plate efficiency and d.c. 
plate input of the amplifier, the modulator 
need only supply such power losses as may 
be occasioned by connecting it in the grid 
circuit. These are quite small, hence a modu- 
lator capable of only a few watts output will 
suffice for transmitters of considerable power. 
The load on the modulator varies over the 
audio-frequency cycle as the rectified grid 
current of the modulated amplifier changes, 
hence the modulator should have good voltage 
regulation (§ 5-6). 

Grid-bias source— The change in bias 
voltage with modulation causes the rectified 
grid current of the amplifier also to vary, the 
r.f. excitation being fixed. If the bias source 
has appreciable resistance, the change in 
grid current also will cause a change in bias 
in a direction opposite to that caused by the 
modulation. It is therefore necessary to use a 
grid-bias source having low resistance so that 
these bias variations will be negligible. Battery 
bias is satisfactory. If a rectified a.c. bias sup- 
ply is used the type having regulated output 
(§ 8-9) should be used. Grid-leak bias for a 
grid-modulated amplifier is unsatisfactory and 
its use should not be attempted. 

Driver regulation — The load on the driving 
stage varies with modulation, and a linear 
modulation characteristic may not beobtained 
if the r.f. voltage from the driver does not stay 
constant with changes in load. Driver regula- 
tion (ability to maintain constant output volt- 
age with changes in load) may be improved 
by using a driving stage having two or three 
times the power output necessary for excitation 
of the amplifier (this is somewhat less than 
the power required for ordinary Class-C opera- 
tion), and by dissipating the extra power in a 
constant load such as a resistor. The load 
variations are thereby reduced in proportion 
to the total load. 

Adjustment of grid-bias modulated am- 
plifiers — This type of amplifier should be 
adjusted with the aid of an oscilloscope to 
obtain optimum operating conditions. The 


oscilloscope should be connected as described 
in § 5-10, the wedge pattern being preferable. 
A tone source for modulating the trans- 


mitter will be convenient. The fixed grid Fctation 


bias should be two or three times the cut- 

off value (§ 3-2). The d.c. input to the amplifier, 
assuming 33% carrier efficiency, will be 1144 
times the plate dissipation rating of the tube or 
tubes used in the modulated stage, and the plate 
current forthisinput (in milliamperes, 1000P/E, 
where P is the power and F the d.c. plate volt- 
age) determined. Apply r.f. excitation and, 
without modulation, adjust the plate loading 
(keeping the plate tank circuit tuned to reso- 
nance) to give the required plate current. 
Next, apply modulation and increase in the 
modulating signal until the modulation char- 
acteristic shows curvature (§ 5-10). This will 
probably occur well below 100% modulation, 
indicating that the plate efficiency is too high. 
Increase the plate loading and reduce the ex- 
citation to maintain the same plate current, 
apply modulation and check the characteristic 
again. Continue this process until the charac- 
teristic is linear from the axis to twice the car- 
rier amplitude. It is advantageous to use the 
maximum permissible plate voltage on the 
tube, since it is usually easier to obtain a more 
linear characteristic with high plate voltage 
and low current (carrier conditions) rather 
than with relatively low plate voltage and 
high plate current. 

The amplifier can be adjusted without an 
oscilloscope by determining the plate current 
as described above, then setting the bias to the 
cut-off value (or slightly beyond) for the d.c. 
plate voltage used and applying maximum 
excitation. Adjust the plate loading, keeping 
the tank circuit at resonance, until the ampli- 
fier draws twice the carrier plate current, and 
note the antenna current. Decrease the exci- 
tation until the output and plate current just 
start to drop, then increase the bias, leaving 
the excitation and plate loading unchanged, 
until the plate current drops to the proper 
carrier value. The antenna current should 
be just half the previous value; if it is larger, 
try somewhat more loading and less excita- 
tion; if smaller, less loading and more excita- 
tion. Repeat until the antenna current drops 
to half its maximum value when the plate 
current is biased down to the carrier value. 
Under these conditions the amplifier should 

- modulate properly, provided the plate supply 
has good voltage regulation (§ 8-1) so that the 
plate voltage is practically the same at both 
values of plate current during the initial testing. 

The d.c. plate current should be substan- 
tially constant with or without modulation 
(§ 5-3). 

Suppressor modulation — The circuit ar- 
rangement for suppressor-grid modulation of a 
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Fig. 507 — Suppressor-grid modulation of a pentode 
r.f. amplifier. The suppressor r.f. by-pass condenser, C, 
should be 0.002 ufd. or less. 


pentode tube is shown in Fig. 507. The operat- 
ing principles are the same as for grid-bias 
modulation. However, the r.f. excitation and 
modulating signals are applied to separate 
grids, which gives the system a simpler operat- 
ing technique, since best adjustment for proper 
excitation requirements and proper modulating 
circuit requirements are more or less independ- 
ent. The carrier plate efficiency is approxi- 
mately the same as for grid-bias modulation, 
and the modulator power requirements are 
similarly small. With tubes having suitable 
suppressor-grid characteristics, linear modula- 
tion up to practically 100% can be obtained 
with negligible distortion. 

The method of adjustment is essentially the 
same as that described in the preceding para- 
graph. Apply normal excitation and bias to 
the control grid and, with the suppressor bias 
at zero or the positive value recommended 
for c.w. telegraph operation with the particular 
tube used, adjust the plate loading to obtain 
twice the carrier plate current (on the basis of 
33% carrier efficiency). Then apply sufficient 
negative bias to the suppressor to bring the 
plate current to the carrier value, leaving the 
loading unchanged. Simultaneously, the an- 
tenna current also should drop to half its maxi- 
mum value. The amplifier is then ready for 
modulation. Should the plate current not 
follow the antenna current in the same pro- 
portion when the suppressor bias is madé 
negative, the loading and excitation should be 
readjusted to make them coincide. 


°@5-5 CATHODE MODULATION 


Circuit — The fundamental circuit for 
cathode or “‘center-tap’’ modulation is shown 
in Fig. 508. This type of modulation is a com- 
bination of the plate- and grid-bias methods, 
and permits a carrier efficiency midway be- 
tween the two. The audio power is introduced 
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Fig. 508 — Cathode modulation of a Class-C r.f. 
amplifier. The grid and plate by-pass condensers, C, 
should be 0.002 ufd. or less (high reactance at audio fre- 
quencies). 


in the cathode circuit, and both grid bias and 
plate voltage vary during modulation. 

The cathode circuit of the modulated stage 
must be independent of other stages in the 
transmitter; that is, when filament-type tubes 
are modulated they must be supplied from a 
separate filament transformer. The filament 
by-pass condensers should not be larger than 
about 0.002 ufd., to avoid by-passing the audio. 

Operating principles — Because part of the 
modulation is by the grid-bias method, the 
plate efficiency of the modulated amplifier 
must vary during modulation. The carrier 
efficiency therefore must be lower than the 
efficiency at the modulation peak. The re- 
quired reduction in carrier efficiency depends 
upon the proportion of grid modulation to 
plate modulation; the higher the percentage of 
plate modulation the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 

The way in which the various quantities 
vary is illustrated by the curves of Fig. 509. 
In these curves, the-performance of the cath- 
ode-modulated r.f. amplifier is plotted in 
terms of the tube ratings for plate-modulated 
telephony, with the percentage of plate modu- 
lation as a base. As the percentage of plate 
modulation is decreased, it is assumed that 
the grid-bias modulation is increased to make 
the overall percentage of modulation reach 
100%. The limiting condition, 100% plate 
modulation and no grid-bias modulation, is at 
the right (A); pure grid-bias modulation is rep- 
resented by the left-hand ordinate (B and C). 
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As an example, assume that 40% plate 
modulation is to be used. Then the modulated 
r.f. amplifier must be adjusted for a carrier 
plate efficiency of 56%, the permissible plate 
input will be 65% of the ratings of the same 
tube with pure plate modulation, the power 
output will be 48% of the rated output of the 
tube with plate modulation, and the audio 
power required from the modulator will be 
20% of the d.c. input to the modulated ampli- 
fier. 

Modulating impedance — The modulating 
impedance of a cathode-modulated amplifier 
is approximately equal to 


i 
I, 


where m is the percentage of plate modulation 
expressed as a decimal, H; is the plate voltage, 
and J, the plate current of the modulated r.f. 
amplifier. This figure for the modulating im- 
pedance is used in the same way as the corre- 
sponding figure for pure plate modulation in 
determining the proper modulator operating 
conditions (§ 5-6). 

Conditions for linearity — R.f. excitation 
requirements for the cathode-modulated am- 
plifier are midway between those for plate 
modulation and grid-bias modulation. More 
excitation is required as the percentage of 
plate modulation is increased. Grid bias should 
be considerably beyond cut-off; fixed bias 
from a supply having good voltage regulation 
(§ 8-9) is preferred, especially when the per- 
centage of plate modulation is small and the 
amplifier is operating more nearly like a grid- 
bias modulated stage. At the higher percent- 
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: Fig. 509 — Cathode modulation performance curves, 
in terms of percentage of plate modulation against per 
cent of Class-C telephony tube ratings. 


Win — D.c. plate input watts in per cent of plate-modu- 
lation rating. 

W. — Carrier output watts in per cent of plate-modula- 
tion rating (based on plate efficiency of 77.5%). 

W:s — Audio power in per cent of d.c. watts input. 

Ny, — Plate efficiency in per cent. 


ages of plate modulation a combi- 
nation of fixed and grid-leak bias 
can be used since the variation in 
rectified grid current is smaller. 
The grid-leak should be by-passed 
for audio frequencies. The percent- 
age of grid modulation may be 
regulated by choice of a suitable 
tap on the modulation trans- 
former secondary. 

Adjustment of cathode-mod- 
ulated amplifiers — In most re- 
spects the adjustment procedure 
is similar to that for grid-bias modulation 
(§ 5-4). The critical adjustments are those of 
antenna loading, grid bias, and excitation. The 
proportion of. grid-bias to plate modulation 
will determine the operating conditions. 

Adjustments should be made with the aid of 
an oscilloscope (§ 5-10). With proper antenna 
loading and excitation, the normal wedge- 
shaped pattern will be obtained at 100% mod- 
ulation. As in the case of grid-bias modulation 
too-light antenna loading will cause flattening 
of the up-peaks of modulation (downward 
modulation), as will also too-high excitation 
(§ 5-10). The cathode current will be prac- 
tically constant with or without modulation 
when the proper operating conditions are 
reached (§ 5-3). 


e5-6 CLASS-B MODULATORS 


Modulator tubes —In the case of plate 
modulation, the relatively-large audio power 
needed (§ 5-3) practically dictates the use of a 
Class-B (§ 3-4) modulator, since the power 
can be obtained most economically with this 
type of amplifier. A typical circuit is given in 
Fig. 510. A pair of tubes must be chosen which 
is capable of delivering sine-wave audio power 
equal to half the d.c. input to the modulated 
Class-C amplifier. It is sometimes convenient 
to use tubes which will operate at the same 
plate voltage as that applied to the Class-C 
stage, since one power supply of adequate 
current capacity may then suffice for both 
stages. Available components do not always 
permit this, however, and better overall 
performance and economy may frequently 
result from the use of separate power sup- 
plies. 

Matching to load—In giving Class-B 
ratings on power tubes, manufacturers specify 
the plate-to-plate load impedance (§ 3-3) 
into which the tubes must operate to deliver 
the rated audio power output. This load im- 
pedance seldom is the same as the modulating 
impedance (§ 5-3) of the Class-C r.f. stage, 
so that a match must be brought about by 
adjusting the turn ratio of the coupling trans- 
former. The required turn ratio, primary to 
secondary, is 
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Fig. 510 — Class-B modulator and driver circuit. 
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where Z,, is the Class-C modulating impedance 
and Z, is the plate-to-plate load impedance 
specified for the Class-B tubes. 

Commercial Class-B output transformers 
usually are rated to work between specified 
primary and secondary impedances and are 
designed for specific Class-B tubes. In such a 
case the turn ratio can be found by substitut- 
ing the given impedances in the formula 
above. Many transformers are provided with 
primary and secondary taps so that various 
turn ratios can be obtained to meet the re- 
quirements of a large number of tube com- 
binations. 

Driving power —Class-B amplifiers are 
driven into the grid-current region, so that 


power is consumed in the grid circuit (§ 3-3). 


The preceding stage (driver) must be capable 
of supplying this power at the required peak 
audio-frequency grid-to-grid voltage. Both 
these quantities are given in the manufactur- 
er’s tube ratings. The grids of the Class-B 
tubes represent a variable load resistance over 
the audio-frequency cycle, since the grid cur- 
rent does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source which has 
good regulation — that is, which will maintain 
the waveform of the signal without distortion 
even though the load varies. This can be 
brought about by using a driver capable of 
delivering two or three times the actual power 
consumed by the Class-B grids, and by using 
an input coupling transformer having a turn 
ratio giving the largest step-down in voltage, 
between the driver plate or plates and Class-B 
grids, that will permit obtaining the Specified 


- grid-to-grid a.f. voltage. 


Driver coupling — A Class-A or Class-AB 
(§ 3-4) driver is used to excite a Class-B 
stage. Tubes for the driver preferably should 
be triodes having low plate resistance, since 
these will have the best regulation. Having 
chosen a tube or tubes with ample power out- 
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put from tube data sheets, the peak output 
voltage will be, approximately, 


E,=14VPR 


where P is the power output and R& the load 
resistance. The input transformer ratio, pri- 
mary to secondary, will be 

E, 


E, 
where H, is as given above and £, is the peak 
grid-to-grid voltage required by the modulator 
tubes. 

Commercial transformers usually are de- 
signed for specific driver-modulator combina- 
tions, and usually are adjusted to give as good 
driver regulation as the conditions will permit. 

Grid bias — Modern Class-B audio tubes 
are intended for operation without fixed bias. 
This lessens the variable grid-circuit loading 
effect and eliminates the need for a grid-bias 
supply. 

When a grid-bias supply is required, it must 
have low internal resistance so that the flow 
of grid current with excitation of the Class-B 
tubes does not cause a continual shift in the 
actual grid bias and thus cause distortion. 
Batteries or a regulated bias supply (§ 8-9) 
should be used. 

Plate supply —The plate supply for a 
Class-B modulator should be sufficiently well 
filtered (§ 8-3) to prevent hum modulation of 
the r.f. stage (§ 5-2). An additional require- 
ment is that the output condenser of the sup- 
ply should have low reactance (§ 2-8) at 100 
cycles or less compared to the load into which 
each tube is working, which is 14 the plate-to- 
plate load resistance. A 4-ufd. output con- 
denser with a 1000-volt supply, or a 2-yfd. 
condenser with a 2000-volt supply, usually 
will be satisfactory. With other plate voltages, 
condenser values should be in inverse propor- 
tion to the plate voltage. 

Overexcitation — When a Class-B amplifier 
is overdriven in an attempt to secure more 
than the rated power, distortion in the output 
waveshape increases rapidly. The high-fre- 
quency harmonies which result from the distor- 
tion (§ 3-3) modulate the transmitter, produc- 
ing spurious sidebands (§ 5-2) which readily 
can cause serious interference over a band of 
frequencies several times the channel width 
required for speech. This may happen even 
though the transmitter is not being over- 
modulated, as in the case where the modulator 
is incapable of delivering the power required 
to modulate the transmitter fully, or when 
the Class-C amplifier is not adjusted to give 
the proper modulating impedance (§ 5-3). 

The tubes used in the Class-B modulator 
should be capable of somewhat more than the 
power output nominally required (50% of the 
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d.c. input to the modulated amplifier) to take 
care of losses in the output transformer. These 
usually run from 10% to 20% of the tube out- 
put. In addition, the Class-C amplifier should 
be adjusted to give the proper modulating 
impedance and the correct output transformer 
turn ratio should be used. Such high-frequency 
harmonics as may be generated in these cir- 
cumstances can be reduced by connecting 
condensers across the primary and secondary 
of the output transformer. (about 0.002 pfd. 
in the average case) to form, with the trans- 
former leakage inductance (§ 2-9) a low pass 
filter (§ 2-11) which cuts off just above the 
maximum audio frequency required for speech 
transmission (about 4000 cycles). The con- 
denser voltage ratings should be adequate for 
the peak. a.f. voltages appearing across them. 

Operation without load — Excitation 
should never be applied to a Class-B modulator 
until after the Class-C amplifier is turned on 
and is drawing the proper plate current to 
present the rated load to the modulator. With 
no load to absorb the power, the primary im- 
pedance of the transformer rises to a high 
value and excessive audio voltages are de- 
veloped across it —frequently high enough 
to break down the transformer insulation. 
If the modulator is to be tested separately 
from the transmitter a load resistance of the 
same value as the modulating impedance, 
and capable of dissipating the full power out- 
put of the modulator, should be connected 
across the transformer secondary. 


e5-7 LOW-LEVEL MODULATORS 


Selection of tubes — Modulators for grid- 
bias and suppressor modulation usually can 
be small audio power output tubes, since the 
audio power required is quite small. A triode 
such as the 2A8 is preferable because of its 
low plate resistance, but pentodes will work 
satisfactorily. 

Matching to load—Since the ordinary 
Class-A receiving power tube will develop 
about 200 to 250 peak volts in its plate circuit, 
which is ample for most low-level modulator 
applications, a 1:1 coupling transformer is 
generally used. If more voltage is required, 
a step-up ratio must be provided in the trans- 
former. It is usual practice to load the primary 
of the output coupling transformer with a re- 
sistance equal to or slightly higher than the 
rated load resistance for the tube in order to 
stabilize the voltage output and thus improve 
the regulation. This is indicated in Figs. 506 
and 507. 


©5-8 MICROPHONES 


Sensitivity — The sensitivity of a micro- 
phone is its electrical output for a given speech 
intensity input. Sensitivity varies greatly with 


microphones of different basic types, and also 
varies between different models of the same 
type. The output is also greatly dependent on 
the character of the individual voice and the 
distance of the speaker’s lips from the micro- 
phone, decreasing approximately as the square 
of the distance. It also may be affected by 
reverberation in the room. Hence, only ap- 
proximate values based on averages of ‘‘nor- 
mal’’ speaking voices can be attempted. The 
values given in the following paragraphs are 
based on close talking; that is, with the micro- 
phone six inches or less from the speaker’s lips. 

Frequency response — The frequency re- 
sponse of a microphone is its relative ability 
to convert sounds of different frequencies into 
alternating current. With fixed sound inten- 
sity at the microphone, the electrical output 
may vary considerably as the sound frequency 
is varied. For intelligible speech transmission 
only a limited frequency range is necessary, 
and natural-sounding speech can be obtained 
if the output of the microphone does not vary 
more than a few decibels (§ 3-3) over a range 
of about 100 cycles to 3000 or 4000 cycles. 
When the variation in decibels is small be- 
tween two frequency limits, the microphone 
is said to be flat between those limits. 

Carbon microphones — Fig. 511 shows con- 
nections for single- and double-button carbon 
microphones, with a variable potentiometer 
included in each circuit for adjusting the but- 
ton current to the correct value as specified 
with each microphone. The single-button 
microphone consists of a metal diaphragm 
placed against an insulating cup containing 
loosely-packed carbon granules (microphone 
button). Current from a battery flows through 
the granules, the diaphragm being one connec- 
tion and the metal back-plate the other. The 
primary of a transformer is connected in series 
with the battery and microphone. As the dia- 
phragm vibrates its pressure on the granules 
alternately increases and decreases, causing a 
corresponding increase and decrease of current 
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Fig. 511 — Speech input circuit ar- 
rangements for five generally used types 
of microphones. Mi, single-button car- 
double-button carbon; 
condenser; Ma, ribbon or velocity types; 
Ms, crystal type. 
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flow through the circuit, since the pressure 
changes the resistance of the mass of granules. 
The change in current flowing through the 
transformer primary causes an. alternating 
voltage, of corresponding frequency and in- 
tensity, to be set up in the transformer sec- 
ondary (§ 2-9). The double-button type oper- 
ates similarly, but with two buttons in push- 
pull. 

Good quality single-button carbon micro- 
phones give outputs ranging from 0.1. to 0.3 
volt across 50 to 100 ohms; that is, across the 
primary winding of the microphone trans- 
former. With the step-up of the transformer, a 
peak voltage of between 3 and 10 volts across 
100,000 ohms or so can be assumed available 
at the grid of the first tube. These microphones 
are usually operated with a button current of 
50 to 100 ma. 

The sensitivity of good-quality double- 
button microphones is considerably less, rang- 
ing from 0.02 volt to 0.07 volt across 200 ohms. 
With this type microphone and the usual 
push-pull input transformer, a peak voltage 
of 0.4 to 0.5 volt across 100,000 ohms or so can 
be assumed available at the first speech ampli- 
fier grid. The button current with this type 
microphone ranges from 5 to 50 ma. per button. 

Crystal microphones — The input circuit 
for a piezo-electric or crystal type microphone 
is shown in Fig. 511-E. The element in this 
type consists of a pair of Rochelle salts crystals 
cemented together, with plated electrodes. 
In the more sensitive types the crystal is 
mechanically coupled to a diaphragm. Sound 
waves actuating the diaphragm cause the 
crystal to vibrate mechanically and, by piezo- 
electric action (§ 2-10), to generate a corre- 
sponding alternating voltage between the elec- 
trodes, which are connected to the grid circuit 
of a vacuum tube amplifier as shown. The 
crystal type requires no separate source of 
current or voltage. 

Although the sensitivity of crystal micro- 
phones varies with different models, an output 
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of 0.01 to 0.03 volt is representative for com- 
munication types. The sensitivity is affected 
by the length of the cable connecting to the 
first amplifier stage; the above figure is for 
lengths of 6 or 7 feet. The frequency charac- 
teristic is unaffected by the cable but the load 
resistance (amplifier grid resistor) does affect 
it, the lower frequencies being attenuated as 
the shunt resistance becomes less. Grid resistor 
values of 1 megohm and higher should be used, 
5 megohms being a customary figure. 

Condenser microphones — The condenser 
microphone of Fig. 511-C consists of a two- 
plate capacity with one plate stationary and 
the other, separated from the first by about a 
thousandth of an inch, a thin metal membrane 
serving as a diaphragm. This condenser is con- 
nected in series with a resistor and d.c. voltage 
source. When the diaphragm vibrates the 
change in capacity causes a small charging 
current to flow through the circuit. The result- 
ing audio voltage which appears across the 
resistor is fed to the tube grid through the 
coupling condenser. 

The output of condenser microphones varies 
with different models, the high-quality type 
being about one-hundredth to one-fiftieth as 
sensitive as the double-button carbon micro- 
phone. The first amplifier tube must be built 
into the microphone since the capacity of a 
connecting cable would impair both output 
and frequency range. 

Velocity and dynamic microphones — 
In a velocity or ribbon microphone, the ele- 
ment acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When made to vibrate 
the ribbon cuts the lines of force between the 
poles in first one direction and then the other, 
thus generating an alternating voltage. 

The sensitivity of the velocity microphone, 
with a suitable coupling transformer, is about 
0.03 to 0.05 volt. 

The dynamic microphone is similar to the 
ribbon type in principle, but the ribbon is re- 
placed by a coil attached to a diaphragm. The 
coil provides several turns of wire cutting the 
magnetic field, and thus gives greater sensitiv- 
ity. A small permanent-magnet loud-speaker 
makes a practical dynamic microphone. 


@5-9 THE SPEECH AMPLIFIER 


Description — The function of the speech 
amplifier is to build up the weak microphone 
voltage to a value sufficient to excite the modu- 
lator to the required output. It may have from 
one to several stages. The last stage nearly 
always must deliver a certain amount of audio 
power, especially when it is used to excite a 
Class-B modulator. Speech amplifiers for 
grid-bias modulation usually end in a power 
stage which also functions as the modulator. 
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The speech amplifier is frequently built as a 
separate unit from the modulator, and in such 
a case may be provided with a step-down 
transformer designed to work into a low im- 
pedance, such as 200 or 500 ohms (tube-to- 
line transformer). When this is done, a step-up 
input transformer intended to work between 
the same impedance and the modulator grids 
(line-to-grid transformer) is provided in the 
modulator circuit. The line connecting the two 
transformers may be made any convenient 
length. 

General design considerations — The last 
stage of the speech amplifier must be selected 
on the basis of the power output required 
from it; for instance, the power necessary to 
drive a Class-B modulator (§ 5-6). It may be 
either single-ended or push-pull (§ 3-3) the 
latter being generally preferable because of 
higher power output and lower harmonic 
distortion. Push-pull amplifiers may be either 
Class A, Class AB, or Class ABe (§ 3-4) as the 
power requirements dictate. If a Class A or 
AB; amplifier is used, the preceding stages 
may all be voltage amplifiers, but when a Class- 
AB, amplifier is used the stage immediately 
preceding it must be capable of furnishing the 
power consumed by its grids at full output. 
The requirements in this case are much the 
same as those which must be met by a driver 
for a Class-B stage (§ 5-6), but the actual 
power needed is considerably smaller and 
usually can be supplied by one or two small 
receiving triodes. Any lower-level stages are 
invariably worked as purely voltage ampli- 
fiers. 

The minimum amplification which must be 
provided ahead of the last stage is equal to 
the peak audio-frequency grid voltage re- 
quired by the last stage for full output (peak 
grid-to-grid-voltage in the case of a push-pull 
stage) divided by the output voltage of the 
microphone or secondary of the microphone 
transformer if one is used (§ 5-8). ‘The peak 
a.f. grid voltage required by the output tube 
or tubes is equal to the d.c. grid bias in the 
case of a single-tube Class A amplifier, and 
approximately twice the grid bias for a push- 
pull Class-A stage. The requisite information 
for Class AB; and ABe amplifiers can be ob- 
tained from the manufacturer’s data on the 
type considered. If the gain is not obtainable 
in one stage, several stages must be used in 
cascade. When the output stage is operated 
Class ABe, due allowance must be made for 
the fact that the next-to-the-last stage must 
deliver power as well as voltage. In such cases 
suitable driver combinations are usually recom- 
mended by manufacturers of tubes and inter- 
stage transformers. The coupling’ transformer 
must be designed especially for the purpose. 

The total gain provided by a multi-stage 


amplifier is equal to the product of the indi- 
vidual stage gains. For example, when three 
stages are used, the first having a gain of 100, 
the second 20 and the third 15, the total gain 
is 100 X 20 X 15, or 30,000. It is good prac- 
tice to provide two or three times the mini- 
mum required gain in designing the speech 
amplifier. This will insure having ample gain 
available to cope with varying conditions. 
When the gain must be fairly high, as when 
a erystal microphone is used, the speech am- 
plifier frequently has four stages, including 
the power output stage. The first is generally 
a pentode because of the high gain attainable 
with this type of tube. The second and third 
stages are usually triodes, the third frequently 
having two tubes in push-pull when it drives a 
Class ABe output stage. Two pentode stages 
are seldom used consecutively because of the 
difficulty of getting stable operation when the 


. gain per stage is high. With carbon micro- 


phones less amplification is needed, hence the 
pentode first stage usually is omitted, one or 
two triode stages being ample to obtain full 
output from the power stage. 

Stage gain and voltage output — In volt- 
age amplifiers, the stage gain is the ratio of 
a.c. output voltage to a.c. voltage applied 
to the grid. It will vary with the applied audio 
frequency, but for speech work the variation 
should be small over the range 100-4000 
cycles. This condition is easily met in practice. 

‘The output voltage is the maximum value 
which can. be taken from the plate circuit 
without distortion. It is usually expressed in 
terms of the peak value of the a.c. wave (§ 2-7) 
since this value is independent of the wave- 
form. The peak output voltage usually is of 
interest only when the stage drives a power 
amplifier, since only in this case is the stage 
called upon to work near its maximum capa- 
bilities. Low-level stages are very seldom 
worked near full capacity, hence harmonic 
distortion is negligible and the voltage gain 
of the stage is the primary consideration. 

Resistance coupling — Resistance coupling 
is generally used in voltage amplifier stages. 
It is relatively inexpensive, good frequency 
response can be secured, and there is little 
danger of hum pick-up from stray magnetic 
fields associated with heater wiring. It is the 
only type of coupling suitable for the output 
circuits of pentodes and high-y» triodes, since 
with audio-frequency transformers a suffi- 
ciently high load impedance (§ 3-3) cannot be 
ebtained without considerable frequency dis- 
tortion. Typical resistance-coupled circuits 
are given in Fig. 512. 

The frequency response of the amplifier will 
be determined by the circuit constants, par- 
ticularly C3R4, the coupling condenser and 
resistor to the following stage, and CR, the 
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Fig. 512 — Resistance-coupled voltage amplifier cir- 
cuits. A, pentode; B, triode. Designations are as follows: 


Ci — Cathode by-pass condenser. 
C2 — Plate by-pass condenser. 
Cz — Output coupling condenser (blocking condenser), 
C4 — Screen by-pass condenser. 
Ri — Cathode resistor. 
Re — Grid resistor. 
R3 — Plate resistor. 
Ra — Next-stage grid resistor. 
Rs — Plate decoupling resistor. 
Re — Screen resistor. 
Values for commonly-used tubes are given in Table I. 


cathode bias resistor and by-pass condenser. 
For adequate amplification at low frequencies 
the time constant (§ 2-6) of both these CR 
combinations should be large. Depending upon 
the type of tube used in the next stage, R4 
may vary from 50,000 ohms (with power 
tubes such as the 2A3 or 6F6) to 1 megohm; 
it is advantageous to use the highest value 
recommended for the type of tube used since 
this gives greatest low-frequency response 
with a given size of coupling. condenser, C3. 
A capacity of 0.1 ufd. at C3 will provide ample 
coupling at low frequencies with any ordina- 
rily-used tube, load resistance (R3) and next- 
stage grid resistance (R4). - 

The reactance (§ 2-8) of Cy must be small 
compared to the resistance of R, for good low- 
frequency response. While with values of R, 


‘in the vicinity of 10,000 ohms, more or less, a 


condenser of 1 yfd. will suffice, it is more com- 
mon practice to use 5- or 10-yfd. low-voltage 
electrolytic condensers for the purpose, since 
they are inexpensive and provide ample by- 
passing. A value of 10 wfd. is usually sufficient 
with values of R, as low as 500 ohms. 
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For maximum voltage gain the resistance 
at Rs should be as high as possible without 
causing too great a drop in voltage at the plate 
of the tube. Values range from 50,000 ohms 
to 0.5 megohm, the smaller figure being used 
with triodes having comparatively low plate 
resistance. The value of R, depends upon Rs, 
which principally determines the plate cur- 
rent; in general, the grid bias is somewhat 
smaller than in circuits having low-resistance 
output devices (such as a transformer) be- 
cause of the lower voltage effective at the plate 
of the tube. This is also true of the screen 
voltage, for similar reasons, and values of the 
screen resistor, Rg, may vary from 0.25 to 
2 megohms. A screen by-pass (C4) of 0.1 ufd. 
will be adequate in all cases. 

Table I shows typical values for some of the 
more popular tube types used in speech ampli- 
fiers. The stage gain and peak undistorted 
output voltage also are given. Other operating 
conditions are of course possible. The value 
of the grid resistor, Re, does not affect any 
of these quantities, but should not exceed 
the maximum value recommended by the 
manufacturer for the particular type of tube 
used. 

The resistance-capacity filter (§ 2-11) formed 
by Cos is called a decoupling circuit. It iso- 
lates the stage from the power supply so that 
unwanted coupling between this and other 








() 


Fig. 513 — Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A, resistance-transformer 
coupling; B, transformer coupling. Designations corre- 
spond to those of Fig. 512. In A, values can be taken 
from Table I. In B, the cathode resistor is calculated 
from the rated plate current and grid bias as given for 
the particular type of tube used (§ 3-6). 
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stages through the output impedance of the 
power supply is eliminated. Such coupling is 
a frequent cause of low-frequency oscillation 
(motorboating) in multistage resistance-coupled 
amplifiers. 

Transformer coupling — Transformer cou- 
pling between stages is ordinarily used only 
when power is to be transferred (in such a case 
resistance coupling is very inefficient) or when 
it is necessary to couple between a single- 
ended and a push-pull stage. Triodes having 
an amplification factor of 20 or less are used 
in transformer-coupled voltage amplifiers. 

Representative circuits for single-ended to 
push-pull are shown in Fig. 513. That at A 
uses a combination of resistance and trans- 
former coupling and may be used for exciting 
the grids of a Class-A or AB, following stage. 
The resistance coupling is used to keep the 
d.c. plate current from flowing through the 
transformer primary and thereby prevent a 
reduction in primary inductance below its no- 
current value (§ 8-4). This improves the low- 
frequency response. With triodes ordinarily 
used (6C5, 6J5, ete.) the gain is equal to that 
with resistance coupling (typical values in 
Table I) multiplied by the secondary-to- 
primary turn ratio of the transformer. This 
ratio is generally 2:1 

In B the transformer primary is in series 
with the plate of the tube and thus must carry 
the tube plate current. When the following 
amplifier operates without grid current, the 
voltage gain of the stage is practically equal to 
the » of the tube multiplied by the transformer 
ratio. This circuit is also suitable for trans- 
ferring power (within the capabilities of the 
tube) as in the case of a following Class-ABe 
stage used as a driver for a Class-B modulator. 

Gain control — The overall gain of the am- 
plifier may be changed to suit the output level 
of the microphone, which will vary with voice 
intensity and distance of the speaker from the 


microphone, by varying the proportion of a.c. 


voltage applied to the grid of one of the stages. 
This is done by means of an adjustable voltage 
divider (§ 2-6), commonly called a ‘poten- 
tiometer’”’ or “volume control,’’ as shown in 
Fig. 514. The actual voltage applied between 
grid and cathode will be very nearly equal to 
the ratio of the resistance between AB to the 
total resistance AC, multiplied by the a.c. 
voltage which appears across AC. The gain 
control is usually also the grid resistor for the 
amplifier stage with which it is associated. 
The gain control potentiometer should be 
near the input end of the amplifier so that 
there will be no danger that stages ahead of 
the gain control will overload. With carbon 
microphones the gain control may be placed 
directly across the microphone transformer 
secondary, but with other types the gain con- 





Fig. 514 — Gain control circuit. 


trol usually will affect the frequency response 
of the microphone when connected directly 
across it. The control is therefore usually 
placed in the grid circuit of the second stage. 

Phase inversion — Push-pull output may 
be secured with resistance coupling by using 
an extra tube as shown in Fig. 515. There 
is a phase shift of 180 degrees through any 
normally-operating resistance-coupled stage 
(§ 3-3) and the extra tube is used purely to 
provide this phase shift without additional 
gain. The outputs of the two tubes are then 
added to give push-pull excitation to the next 
amplifier. 

In Fig. 515, V1 is the regular amplifier, con- 
nected in normal fashion to the grid of one of 
the push-pull tubes. The next-stage grid re- 
sistor is tapped so that part of the output 
voltage is fed to the grid of the phase inverter, 
V2. This tube then amplifies the signal and 
applies it in reverse phase to the grid of the 
second push-pull tube. Two similar tubes 
should be used at V, and Ve, with identical 
plate resistors and output coupling condensers. 
The tap on R, is adjusted to make V; and Ve 
give equal voltage outputs so that balanced 
excitation is applied to the grids of the follow- 
ing stage. 

The cathode resistor, Rs, commonly is left 
un-bypassed since this tends to help balance 
the circuit. Double-triode tubes are frequently 
used as phase inverters. 





TABLE I—TYPICAL VOLTAGE AMPLI- 
FIER DATA 





Peak 
Tube Type Rs, Re, Ri, ohms| Output | Voltage 
megohms | megohms Volis Gain 
6C5 0.1 6000 88 13 
6J5 : OR = 3000 64 14 
6F5, 6SF5 0.25 — 3000 54 63 
6J7 0.25 1.2 1200 104 140 
6SJ7 0.25 1.0 900 88 167 
0.5 2.0 1300 64 200 


Other values (Fig. 512): C1, 10 pfd. (low-voltage electro- 
lytic); C2, 8-ufd. electrolytic; C3, C4, 0.1-ufd. paper; Re, 0.1 
to 1 megohm; Ra, 0.5 megohm; Rs, 10,000 to 50,000 ohms. 
Data are based on a plate-supply voltage of 300; lower 
values will reduce the undistorted peak output voltage in 
proportion, but will not materially affect the voltage gain. 





Radiotelephony 


Output limiting — It is desirable to modu- 
late as heavily as possible without overmodu- 
lating, yet it is difficult to speak into the micro- 
phone at a constant intensity. To maintain 
reasonably constant output from the modula- 
tor in spite of variations in speech intensity, 
it is possible to use automatic gain control 
which follows the average (not instantaneous) 
variations in speech amplitude. This is accom- 
plished by rectifying and filtering (§ 8-2, 8-3) 
some of the audio output and applying the 
rectified and filtered d.c. to a control electrode 
in an early stage in the amplifier. 

A practical circuit for this purpose is shown 
in Fig. 516. The rectifier must be connected, 
through the transformer, to a tube capable of 


Vi 





Input 


Fig. 515— Phase inverter circuit for resistance- 
coupled push-pull output. With a double-triode tube 
(6N7) the following values are typical: 


Ri — 0.5 megohm. 
Re, R3 — 0.1 megohm. 
Ra, Rs — 0.5 megohm. 
Re — 1500 ohms. 
Ci, Ce — 0.1 yfd. 
Ra should be tapped as described in the text. The 
voltage gain with these constants is 22. 


delivering some power output (a small part of 
the output of the power stage may be used) or 
else a separate amplifier for the rectifier cir- 
cuit alone. may have its grid connected in 
parallel with that of the last voltage amplifier. 
Resistor R, in series with Rs across the plate 
supply provides variable bias on the rectifier 
plates so that the limiting action can be de- 
layed until a desired microphone input level is 
reached. Re, R3, Co, C3, and C4 form the filter, 
(§ 2-11) and the output of the rectifier is con- 
nected to the suppressor grid of the pentode 
first stage of the speech amplifier. 

A step-down transformer giving about 50 
volts when its primary is connected to the out- 
put circuit should be used. A half-wave recti- 
fier can be used instead of the full-wave circuit 
shown, although satisfactory filtering is more 
difficult. 

Noise — It is important that the noise level 
in a speech amplifier be low compared to the 
level of the desired signal. Noise in the speech 
amplifier is chiefly hum, which may be the 
result of insufficient power-supply filtering 
or may be introduced into the grid circuit of a 
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Fig. 516 — Output limiting circuit. 
Ci, Ce, C3, C4 — 0.1-nfd. paper. 

1, Re, Rs — 0.25 megohm. 
Ra — 25,000-ohm potentiometer. 
Rs — 0.1 megohm. 
T — See text. 


tube by magnetic or electrostatic means from 
heater wiring. The plate voltage for the ampli- 
fier should be free from ripple (§ 8-4), par- 
ticularly the voltage applied to the low-level 
stages. A two-section condenser-input filter 
(§ 8-5) is usually satisfactory. The decoupling 
circuits mentioned in the preceding para- 
graphs also are helpful in reducing plate- 
supply hum. 

Hum from heater wiring may be reduced 
by keeping the wiring well away from un- 
grounded components or wiring, particularly in 
the vicinity of the grid of the first tube. Com- 
plete shielding of the microphone jack is 
advisable, and when tubes with grid caps in- 
stead of the single-ended types are used the 
caps and the exposed wiring to them should 
be shielded. Heater wiring preferably should 
run in the corners of a metal chassis to reduce 
the magnetic field. A ground should be made 
either on one side of the heater circuit or to 
the center-tap of the heater winding. The 
shells of metal tubes should be grounded; 
glass tubes require separate shields, especially 
when used in low-level stages. Heater connec- 
tions to the tube sockets should be kept as far 
as possible from the plate and grid prongs, 
and the heater wiring to the sockets should be 
kept close to the chassis. A connection to a 
good ground (such as a cold water pipe) also 
is advisable. The speech amplifier always 
should be constructed on a metal chassis. 

When the power supply is mounted on the 
same chassis with the speech amplifier, the 
power transformer and filter chokes should be 
well separated from audio transformers in the 
amplifier proper, to reduce magnetic coupling. 


@5-10 CHECKING °PHONE TRANS- 
MITTER OPERATION 
Modulation percentage — The most reliable 
method of determining percentage of modula- 
tion is by means of the cathode-ray oscillo- 
scope (§ 8-9). The oscilloscope gives a direct 
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picture of the modulated output of the trans- 
mitter, and the waveform errors inherent in 
other types of measurements are eliminated. 

Two types of oscilloscope patterns may be 
obtained, known as the “‘wave envelope” and 
“trapezoid.’”’ The former shows the shape of 
the modulation envelope (§ 5-2) directly, while 
the latter in effect plots the modulation char- 
acteristic (§ 5-2) of the modulated stage on 
the cathode-ray tube screen. To obtain the 
wave-envelope pattern the oscilloscope must 
have a horizontal sweep circuit. The trapezoid 
pattern requires only the oscilloscope, the 
sweep circuit being supplied by the transmitter 
itself. Fig. 517 shows methods of connecting 
the oscilloscope to the transmitter for both 
types of patterns. The oscilloscope connections 
for the wave-envelope pattern, Fig. 517-A, 
are usually simpler than those for the trape- 
zoidal figure. The vertical deflection plates are 
coupled to the amplifier tank coil or an antenna 
coil by means of a pickup coil of a few turns 
connected to the oscilloscope through a 
twisted-pair line. The position of the pickup 
coil is varied until a carrier pattern, Fig. 
518-B, of suitable height is obtained. The 
sweep voltage should be adjusted to. make the 
width of the pattern somewhat more than 
half the diameter of the screen. It is frequently 
helpful in eliminating r.f. harmonics from the 
pattern to connect a resonant circuit, tuned 


Ant. Circutt 


| [@ 


cS Pickup Loop O 


Final 
Tank 





(A) 


Alternative, 
/nput Connections 


Ant. Circuit 


©) 





Final 
Tank 


Fig. 517 — Methods of connecting an oscilloscope to 
the modulated amplifier for checking modulation. 
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Fig. 518 — Wave-envelope and trapezoidal patterns 
under different conditions of modulation. 


OVER MODULATION 


to the operating frequency, between the ver- 
tical deflection plates, using link coupling 
between this circuit and the transmitter tank 
circuit. 

With the application of voice modulation a 
rapidly-changing pattern of varying height 
will be obtained. When the maximum height 
of this pattern is just twice that of the carrier 
alone, the wave is being modulated 100% 
(§ 5-2). This is illustrated by Fig. 518-D, where 
the point X represents the sweep line (reference 
line) alone, YZ is the carrier height, and PQ 
is the maximum height of the modulated wave. 
If the height is greater than the distance PQ, 
as illustrated in EH, the wave is overmodulated 
in the upward direction. Overmodulation in 
the downward direction is indicated by a gap. 
in the pattern at the reference axis, where a 
single bright line appears on the screen. Over- 
modulation in either direction may take place 
even when the modulation in the other direc- 
tion is less than 100%. Assuming that the 
modulation is symmetrical, however, any 
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modulation percentage can be measured di- 
rectly from the screen by measuring the maxi- 
mum height with modulation and the height 
of the carrier alone; calling these two heights 
hy and he, respectively, the modulation per- 
centage is 


hi — he 
——— xX 100 
i x 


2 


Connections for the trapezoidal pattern 
are shown in Fig. 517-B. The vertical plates 
are similarly coupled to the transmitter tank 
circuit through a pick-up loop; the tuned in- 
put circuit to the oscilloscope may also be 
used. The horizontal plates are coupled to the 
output of the modulator through a voltage 


divider (§ 2-6) RRs, the latter resistance 


being variable to permit adjustment of the 
audio voltage to a suitable value to give a 
satisfactory horizontal sweep on the screen. 
Ry may be a 0.25-megohm volume control 
resistor. The value of R, will depend upon the 
audio output voltage of the modulator. This 
voltage is equal to »/PR, where P is the audio 
power output of the modulator and F is the 
modulating impedance of the modulated r.f. 
amplifier. In the case of grid-bias modulation 
with a 1:1 output transformer, it will be satis- 
factory to assume that the a.c. output voltage 
of the modulator is equal to 0.7# for a single 
tube, or 1.4# for a push-pull stage, where H 
is the d.c. plate voltage on the modulator. If 
the transformer ratio is other than 1:1, the 
voltage so calculated should be multiplied 
by the actual secondary-to-primary turn ratio. 
The total resistance of R; and Re» in series 
should be 0.25 megohm for every 150 volts of 
modulator output; for example, if the modula- 
tor output voltage is 600, the total resistance 
should be four (600/150) times 0.25 megohm, 
or 1 megohm. Then with 0.25 megohm at Re, 
Ry should be 0.75 megohm. The blocking 
condenser C should be 0.1 uwfd or more and 
its voltage rating should be greater than the 
maximum voltage appearing in the circuit. 
With plate modulation, this is twice the d.c. 
voltage applied to the plate of the modulated 
amplifier. 

The trapezoidal patterns are shown in Fig. 
518 at F to J, each alongside the corresponding 
wave-envelope pattern. With no signal, only 
the cathode ray spot appears on the screen. 
When the unmodulated carrier is applied a 
vertical line appears, and its length should be 
adjusted by means of the pickup coil coupling 
to a convenient value. When the carrier is 
modulated the wedge-shaped pattern appears; 
the higher the modulation percentage the wider 
and more pointed the wedge becomes. At 100% 
modulation it just makes a point on the axis 
A at one end and the height PQ at the other 
end is equal to twice the carrier height YZ. 
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Overmodulation in the upward direction is 
indicated by increased height over PQ, and 
in the downward direction by an extension 
along the axis X at the pointed end. The modu- 
lation percentage may be found by measur- 
ing the modulated and unmodulated carrier 
heights in the same way as with the wave 
envelope pattern. 

‘Non-symmetrical waveforms —In_ voice 
waveforms the average maximum amplitude 
in one direction from the axis is frequently 
greater than in the other direction, although 
the average energy on both sides is the same. 
For this reason the percentage of modulation 
in the up direction frequently differs from that 
in the down direction, and with a given voice 
and microphone this difference in modulation 
percentage is usually always in the same direc- 
tion. Since overmodulation in the downward 
direction causes more out-of-channel interfer- 
ence than overmodulation upward because 
of the steeper wavefront (§ 6-1), it is advisable 
to “phase” the modulation so that the side 
of the voice waveform having the larger excur- 
sions causes the instantaneous carrier power to 
increase and the smaller excursions to cause a 
power decrease. This reduces the likelihood 
of overmodulation on the down peak. The 
direction of the larger excursions can readily be 
found by careful observation of the oscillo- 
scope pattern. The phase can be reversed by 
reversing the connections of one winding of 
any transformer in the speech amplifier or 
modulator. 

Modulation monitoring — While it is de- 
sirable to modulate as fully as possible, 100% 
modulation should not be exceeded, particu- 
larly in the downward direction, because har- 
monic distortion will be introduced and the 
channel width increased (§ 5-2), thus causing 
unnecessary interference to other stations. 
The oscilloscope may be used to provide a 
continuous check on the modulation, but sim- 
pler indicators may be used for the purpose, 
once calibrated. A convenient indicator, when 
a Class-B modulator (§ 5-6) is used, is the 
plate milliammeter in the Class-B stage, since 
plate current fluctuates with the voice inten- 
-sity. Using the oscilloscope, determine the 
gain-control setting and voice intensity which 
gives 100% modulation on voice peaks, and 
simultaneously observe the maximum Class-B 
plate-milliammeter reading on the peaks. 
When this maximum reading is obtained, it 
will suffice in regular operation to adjust the 
gain so that it is not exceeded. 

A sensitive rectifier-type voltmeter (copper 
oxide type) can also be used for modulating 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly 
calibrated against the oscilloscope to determine 
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the reading which represents 100% modula- 
tion. 

The plate milliammeter of the modulated 
r.f. stage may also be used as an indicator of 
overmodulation. Since the average plate cur- 
rent is constant (§ 5-3, 5-4, 5-5) when the 
amplifier is linear, the reading will be the 
same with or without modulation. When 
the amplifier is overmodulated, especially in 
the downward direction, the operation is no 
longer linear and the average plate current 
will change. A flicker of the pointer may there- 
fore be taken as an indication of overmodula- 
tion or non-linearity. However, it is possible 
that the average plate current will rémain 
constant with considerable overmodulation 
under some operating conditions, so such an 
indicator is not wholly reliable unless it has 
been previously checked against an oscillo- 
scope. 

Linearity — The linearity (§ 5-2) of a modu- 
lated amplifier may readily be checked with 
the oscilloscope. The trapezoidal pattern is 
more easily interpreted than the wave enve- 
lope pattern and less auxiliary equipment is re- 
quired. The connections are the same as for 
measuring modulation percentage (Fig. 517). 
If the amplifier is perfectly linear, the sloping 
sides of the trapezoid will be perfectly straight 
from the point at the axis up to at least 100% 
modulation in the upward direction. Non- 
linearity will be shown by curvature of the 
sides. Curvature near the point, extending the 
point farther along the axis than would occur 
with straight sides, indicates that the output 
power does not decrease rapidly enough in 
this region; it may also be caused by imperfect 
neutralization (a push-pull amplifier is recom- 
mended because better neutralization is possi- 
ble than with single-ended amplifiers) or r.f. 
leakage from the exciter through the final 
stage. The latter condition can be checked by 
removing the plate voltage from the modulated 
stage, when the carrier should disappear and 
only the beam spot remain on the screen 
(Fig. 518-F). If a small vertical line remains 
the amplifier should be re-neutralized to elimi- 
nate it; if this does not suffice, r.f. is being 
picked up from lower-power stages either by 
coupling through the final tank circuit or 
through the oscilloscope pickup circuit. 

Inward curvature at the large end of the 
pattern is caused by improper operating con- 
ditions of the modulated amplifier, usually 
improper bias or insufficient excitation, or 
both, with plate modulation. In grid-bias and 
cathode-modulated systems, the bias, excita- 
tion and plate loading are not correctly pro- 
portioned when such curvature occurs, usually 
because the amplifier has been adjusted to 
have too-high carrier efficiency without modu- 
lation (§ 5-4, 5-5). 
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For the wave-envelope pattern it is neces- 
sary to have a linear horizontal sweep circuit 
in the oscilloscope and a source of sine-wave 
audio signal (such as an audio oscillator or 
signal generator) which can be synchronized 
with the sweep circuit. The linearity can be 
judged by comparing the wave envelope with a 
true sine wave. Distortion in the audio cir- 
cuits will affect the pattern in this case (such 
distortion has no effect on the trapezoidal 
pattern, which shows the modulation charac- 
teristic of the r.f. amplifier alone), and it is also 
readily possible to misjudge the shape of the 
modulation envelope, so that the wave enve- 
lope is less useful than the trapezoid for check- 
ing linearity of the modulated amplifier. 

Fig. 519 shows typical patterns of both 
types. The cause of the distortion is indicated 
for grid-bias and suppressor modulation. The 
patterns at A, although not truly linear, are 
representative of properly-operated grid-bias 
modulation systems. Better linearity can be 
obtained with plate modulation of a Class-C 
amplifier. 

Faulty patterns — The drawings of Figs. 
518 and 519 show what is normally to be ex- 
pected in the way of pattern shapes when the 
oscilloscope is used to check modulation. If 
the actual patterns differ considerably from 
those shown, it is probable that the pattern 
is faulty rather than the transmitter. It is 
‘mportant that only r.f. from the modulated 
stage be coupled to the oscilloscope, and then 
only to the vertical plates. The effect of stray 
r.f. from other stages in the transmitter has 
been mentioned in the preceding paragraph. 
If r.f. is also present on the horizontal plates, 
the pattern will lean to one side instead of 
being upright. If the oscilloscope cannot be 
moved to a spot where the unwanted pick-up 
disappears, a small by-pass condenser (10 
pwutd.) should be connected across the horizon- 
tal plates as close to the cathode-ray tube as 
possible. An r.f. choke (2.5 mh. or smaller) 
may also be connected in series with the un- 
grounded horizontal plate. 

“‘Folded”’ trapezoidal patterns occur when 
the audio sweep voltage is taken from some 
point in the audio system other than that 
where the a.f. power is applied to the modu- 
lated stage, and are caused by a phase differ- 
ence between the sweep voltage and the modu- 
lating voltage. The connections should always 
be as shown in Fig. 517-B. 


Plate-current shift — As mentioned above, - 


the d.c. plate current of a modulated amplifier 
will be the same with and without modulation 
so long as the amplifier operation is perfectly 
linear and other conditions remain unchanged. 
This also assumes that the modulator is work- 
ing within its capabilities. Because there is 
usually some curvature of the modulation 
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Fig. 519 — Oscilloscope patterns representing proper 
and improper grid-bias or cathode modulation. The pat- 
tern obtained with a correctly adjusted amplifier is 
shown at A. The other two drawings indicate non- 
linear modulation, 


characteristic with grid-bias modulation there 
is normally a slight upward change in plate 
current of a stage so modulated, but this occurs 
only at high modulation percentages and is 
barely detectable under the usual conditions 
of voice modulation. 

With plate modulation, a downward shift 
in plate current may indicate one or more 
of the following: 


1. Insufficient excitation to the modulated 
r.f. amplifier. 

2. Insufficient grid bias on the modulated 
stage. 

38. Wrong load resistance for Class-C r.f. 
amplifier. 

4. Insufficient output capacity in filter of 
modulated amplifier plate supply. 

5. Heavy overloading of Class-C r.f. ampli- 
fier tube or tubes. 


Any of the following may cause an upward 
shift in plate current: 


1. Overmodulation (excessive audio power, 
audio gain too great). 

2. Incomplete neutralization of the modu- 
lated amplifier. 

3. Parasitic oscillation in the modulated 
amplifier. 


When a common plate supply is used for 


-both Class-B (or Class AB) modulator and 


modulated r.f. amplifier, the plate current of 
the latter may ‘‘kick’”’ downward because of 
poor power-supply voltage regulation (§ 8-1) 
with the varying additional load of the modu- 
lator on the supply. The same effect may occur 
with high-power transmitters because of poor 
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regulation of the a.c. supply mains, even when 
a separate power supply unit is used for the 
Class-B modulator. Hither condition may be 
detected by measuring the plate voltage ap- 
plied to the modulated stage; in addition, poor 
line regulation may also be detected by a 
downward shift in filament or line voltage. 

With grid-bias modulation, any of the fol- 
lowing may be the cause of a plate current 
shift greater than the normal mentioned above: 

Downward kick: ‘Too much r.f. excitation; 
insufficient operating bias; distortion in modu- 
lator or speech amplifier; too-high resistance in 
bias supply; insufficient output capacity in 
plate-supply filter to modulated amplifier; am- 
plifier plate circuit not loaded heavily enough; 
plate-circuit efficiency too high under carrier 
conditions. 

Upward kick: Overmodulation (excessive 
audio voltage); distortion in audio system; re- 
generation because of incomplete neutraliza- 
tion; operating grid bias too high. 

A downward kick in plate current will ac- 
company an oscilloscope pattern like that of 
Fig. 519-B; the pattern with an upward kick 
will look like Fig. 519-A with the shaded 
portion extending farther to the right and 
above the carrier, for the ‘‘wedge”’ pattern. 

Noise and hum on carrier — These may be 
detected by listening to the signal on a receiver 
sufficiently removed from the transmitter to 
avoid overloading. The hum level should be 
low compared to the voice at 100% modula- 
tion. Hum may come either from the speech 
amplifier and modulator or from the r.f. 
section of the transmitter. Hum from the r.f. 
section can be detected by completely shutting 
off the modulator; if hum remains when this 
is done the power-supply filters for one or more 
of the r.f. stages have insufficient smoothing 
(§ 8-4). With a hum-free carrier, hum intro- 
duced by the modulator can be checked by 
turning on the modulator but leaving the 
speech amplifier off; power-supply filtering 
is the likely source of such hum. If carrier 
and modulator are both clean, connect the 
speech amplifier and observe the increase in 
hum level. If the hum disappears with the gain 
control at minimum, the hum is being intro- 
duced in the stage or stages preceding the gain 
control. The microphone may also pick up 
hum, a condition which can be checked by 
removing the microphone from the circuit 
but leaving the first speech-amplifier grid cir- 
cuit otherwise unchanged. A good ground on 
the microphone and speech system is usually 
essential to hum-free operation. 

Hum can be checked with the oscilloscope, 
where it appears as modulation on the carrier 
in the same way as the normal modulation. 
Usually the percentage is rather small, but 
if the carrier shows modulation with no speech 


10 


CHAPTER FIVE 


input hum is the likely cause. The various parts 
of the transmitter may be checked through 
as described above. 

Spurious sidebands — A superheterodyne 
receiver having a crystal filter (§ 7-8, 7-11) 
is needed for checking spurious sidebands 
outside the normal communication channel 
(§ 5-2). The r.f. input to the receiver must 
be kept low enough, by removing the antenna 
or by adequate separation from the transmit- 
ter, to avoid overloading and consequent spuri- 
ous receiver responses (§ 7-8). With the crystal 
filter in its sharpest position and the beat oscil- 
lator turned on, tune through the region out- 
side the normal channel limits (3 to-4 ke. each 
side of the carrier) while another person talks 
into the microphone. Spurious sidebands will 
be observed as intermittent beat notes coin- 
ciding with voice peaks, or in bad cases of 
distortion or overmodulation as ‘“‘clicks”’ or 
crackles well away from the carrier frequency. 
Sidebands more than 4 kc. from the carrier 
should be of negligible strength in a properly 
modulated ’phone transmitter. The causes are 
overmodulation or non-linear operation (§ 5-3). 

Rf. in speech amplifier — A small amount 
of r.f. current in the speech amplifier — par- 
ticularly in the first stage, which is most sus- 
ceptible to such r.f. pick-up — will cause over- 
loading and distortion in the low-level stages. 
Frequently also there is a regenerative effect 
which causes an audio-frequency oscillation 
or ‘‘howl” to be set up in the audio system. 
In such cases the gain control cannot be ad- 
vanced very far before the howl. builds up, 
even though the amplifier may be perfectly 
stable when the r.f. section of the transmitter 
is not turned on. 

Complete shielding of the microphone, 
microphone cord and speech amplifier are 
necessary to prevent r.f. pick-up, and a ground 
connection separate from that to which the 
transmitter is connected is advisable. Un- 
symmetrical or capacity coupling to the an- 
tenna (single-wire feed, feeders tapped on 
final tank circuit, etc.) may be responsible in 
that these systems sometimes cause the trans- 
mitter chassis to take an. r.f. potentional 
above ground. Inductive coupling to a two- 
wire transmission line is advisable. This an- 
tenna effect can be checked by disconnecting 
the antenna and dissipating the power in a 
dummy antenna (§ 4-9) when it usually will 
be found that the r.f. feedback disappears. If 
it does not, the speech amplifier and micro- 
phone shielding are at fault. 


@5-11 FREQUENCY MODULATION 


Principles — In frequency modulation the 
carrier amplitude is constant and the output 
frequency of the transmitter is made to vary 
about the carrier or mean frequency at a rate 


corresponding to the audio frequencies of the 
speech currents. The extent to which the fre- 
quency changes in one direction from the un- 
modulated or carrier frequency is called the 
frequency deviation. It corresponds to the 
change of carrier amplitude in the amplitude- 
modulation system (§ 5-2). Deviation is usu- 
ally expressed in kilocycles, and is equal to 
the difference between the carrier frequency 
and either the highest or lowest frequency 
reached by the carrier in its excursions with 
modulation. There is no modulation percent- 
age in the usual sense; with suitable circuit 
design the deviation may be made as large 
as desired without encountering any effect 
equivalent to overmodulation in the amplitude 
system. 

Deviation ratio— The ratio of the maxi- 
mum frequency deviation to the audio fre- 
quency of the modulation is called the devia- 
tion ratio. Unless otherwise specified, it is 
taken as the ratio of the maximum frequency 
deviation to the highest audio frequency to be 
transmitted. 

Advantages of f.m.— The chief advantage 
of frequency modulation over amplitude mod- 
ulation is noise reduction at the receiver. All 
electrical noises in the radio spectrum, includ- 
ing those originating in the receiver, are r.f. 
oscillations which vary in amplitude, this 
variation causing the noise response in ampli- 
tude-modulation receivers. If the receiver 
does not respond to amplitude variations but 
only to frequency changes, noise can affect it 
only by causing a phase shift which appears as 
frequency modulation on the signal. The effect 
of such frequency modulation by the noise 
can be made small by making the frequency 
change (deviation) in the signal large. 

A second advantage is that the power re- 
quired for modulation is inconsequential, since 
there is no power variation in the modulated 
output. 

Triangular spectrum — The way in which 
noise is reduced by a large deviation ratio is 
illustrated by Fig. 520. In this figure the noise 
is assumed to be evenly distributed over the 
channel used, an assumption which is almost 
always true. It is also assumed that audio 
frequencies above 4000 cycles (4 ke.) are not 
necessary to voice communication, and that the 
audio system in the receiver has no response 
above this frequency. Then if an amplitude 
modulation receiver is used and its selectivity 
_is such that there is no attenuation of side- 
bands (§ 5-2) below 4000 cycles, the noise 
components of all frequencies within the chan- 
nel will produce equal response when they 
beat with a carrier centered in the channel. 
This is shown by the line DC. 

In the f.m. receiver the output amplitude is 
proportional to the frequency deviation, and 
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Fig. 520 — Triangular spectrum of noise response in 
an f.m. receiver compared with amplitude modulation. 
Deviation ratios of 1 and 5 are shown. 


noise components in the channel can be con- 
sidered to frequency-modulate the steady 
carrier with a deviation proportional to the 
difference between the actual frequency of the 
component and the frequency of the carrier, 
and also to give an audio-frequency beat of 
the same frequency difference. This leads to a 
rising response characteristic such as the line 
OC, where the noise amplitude is proportional 
to the audio beat frequency. The average noise 
power output is proportional to the square 
root of the sum of the squares of all the ampli- 
tude values (§ 2-7), so that the noise power 
with f.m. having a deviation ratio of 1 is only 
44 that with amplitude modulation, or an im- 
provement of 4.75 db. 

If the deviation ratio is increased to 5, the 
noise response is represented by the line OF, 
but only frequencies up to 4000 cycles are re- 
produced in the output so the audible noise 
is confined to the triangle OA B. These relatio. 1s 
only hold when the carrier is strong compared 
to the noise. With weak signals the signal-to- 
noise ratio is better with a deviation ratio of 1. 

Linearity — A transmitter in which fre- 
quency deviation is directly proportional to 
the amplitude of the modulating signal is said 
to be linear. It is also essential that the carrier 
amplitude remain constant under modulation, 
which in turn requires that the transmitter 
tuned circuits be broad enough to handle with- 
out discrimination the range of frequencies 
transmitted. This requirement is easily met 
under ordinary conditions. 

Sidebands — In frequency modulation there 
is a series of sidebands on either side of the 
carrier frequency for each audio-frequency 
component in the modulation. In addition to 
the usual sum and difference frequencies 
(§ 5-2) there are also beats at harmonics of 
the fundamental modulating frequency, even 
though the latter may be a pure tone. This oc- 
curs because of the necessity for maintaining 
the proper phase relationships between the 
carrier and sidebands to keep the power output 
constant. Hence a frequency-modulated signal 
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inherently occupies a wider channel than an 
amplitude-modulated signal, and because of 
the necessity for conserving space in the usual 
communication spectrum the use of f.m. is 
confined to the ultra-high frequencies. 

The number of sidebands for a single modu- 
lating frequency increases with the frequency 
deviation. When the deviation ratio is of the 
order of 5 the sidebands beyond the maximum 
frequency deviation are usually negligible, 
so that the channel required is approximately 
twice the frequency deviation. 


@5-12 METHODS OF FREQUENCY 
MODULATION 


Requirements and methods — At present 
there are no fixed standards of frequency devia- 
tion in amateur work. Since a deviation ratio 
of 5 is considered high enough in any case, the 
maximum deviation necessary is 15 to 20 ke. 
for an upper audio-frequency limit of 3000 or 
- 4000 cycles (§ 5-2), or a channel width of 30 
to 40 ke. The permissible deviation is deter- 
mined by the receiver (§ 7-18), since deviation 
beyond the limits of the receiver pass-band 
causes distortion. If the transmitter is designed 
to be linear (§ 5-11) with a deviation of about 
15 ke. it can be used at lower deviation ratio 
simply by reducing the gain in the speech 
amplifier, and thereby made to conform to the 
requirements of the particular receiver in use. 

The several possible methods of frequency 
modulation include mechanical (for instance, 
varying condenser plate spacing in accordance 
with voice vibrations), initial phase modula- 
ticn which is later transformed into frequency 
m dulation, and direct frequency modulation 
of an oscillator by electrical means. The latter, 
in the form of the reactance modulator, is the 
simplest system. 

The reactance modulator — The reactance 
modulator is a vacuum tube amplifier con- 
nected to the r.f. tank circuit of an oscillator 
in such a way as to act as a variable inductance 
or capacity of a value dependent upon the 
instantaneous a.f. voltage applied to its grid. 
Fig. 521 is a representative circuit. The control 
grid circuit ofthe 6L7 tube is connected across 
the small capacity Ci, which is in series with 
the resistor Ry across the oscillator tank cir- 
cuit. Any type of oscillator circuit (§ 3-7) may 
be used. Rs is large compared to the reactance 
(§ 2-8) of Ci, so the r.f. current through RsCy 
will be practically in phase (§ 2-7) with the r-f. 
voltage appearing at the terminals of the 
tank circuit. However, the voltage across Ci 
will lag the current by 90 degrees (§ 2-8). 
The r.f. current in the plate circuit of the 6L7 
will be in phase with the grid voltage (§ 3-3) 
and consequently is 90 degrees behind the cur- 
rent through Ci, or 90 degrees behind the r.f. 
tank voltage. This lagging current is drawn 
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through the oscillator tank, giving the same 
effect as though an inductance were connected 
across the tank (in an inductance the current 
lags the voltage by 90 degrees — § 2-8). The 
frequency is therefore increased in proportion 
to the lagging plate current of the modulator. 
This in turn is determined by the a.f. voltage 
applied to the No. 3 grid of the 6L7, hence 
the oscillator frequency varies with the audio 
signal. 

Other circuit arrangements to produce the 
same effect can be used. It is convenient to use 
a tube (such as the 6L7) in which the r.f. and 
a.f. voltages can be applied to separate con- 
trol grids; however, both voltages may be 
applied to the same grid with suitable precau- 
tions taken to prevent r.f. from flowing in the 
external audio circuit and vice versa (§ 2-13). 

The modulated oscillator is usually operated 
on a relatively low frequency so that a high 
order of carrier stability can be secured. Fre- 
quency multipliers are used to raise the fre- 
quency to the final frequency desired. The 
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# ig. 521 — Reactance modulator circuit using a 6L7 
tube. 


C — Oscillator tank capacity. 

C; — 3-10 pyfd. (See text.) 

C2 — 250 uyfd. 

C3 — 8-ufd. electrolytic (a.f. by-pass) in parallel with 
0.01-ufd. paper (r.f. by-pass). 

C4 — 0.01 pfd. 

L — Oscillator tank inductance. 

Ri — 50,000 ohms. 

Re — 0.5 megohm. 

R3 — 30,000 ohms. 

Ra — 300 ohms. 

Rs — 0.5 megohm. 


frequency deviation increases with the number 
of times the initial frequency is multiplied; 
for instance, if the oscillator is operated on 
7 Me. and the output frequency is to be 112 
Mce., an oscillator frequency deviation of 1000 
cycles will be raised to 16,000 cycles at the 
output frequency. 

Design considerations — The sensitivity of 
the modulator (frequency change per unit 
change in grid voltage) increases when C4 
is made smaller, for a fixed value of Ri, and 
also increases with an increase in L/C ratio 
in the oscillator tank circuit. Since the carrier 


stability of the oscillator depends on the L/C 
ratio (§ 3-7) it is desirable to use the highest 
tank capacity which will permit the desired 
deviation to be secured while keeping within 
the limits of linear operation. When the circuit 
of Fig. 521 is used in connection with a 7-Mc. 
oscillator, a linear deviation of 2000 cycles 
above and below the carrier frequency can 
be secured when the oscillator tank capacity 
is approximately 200 uyfd. A peak a.f. input 
of two volts is required for full deviation. At 
56 Mec. the maximum deviation would be 
8 X 2000 or 16 ke. 

Since a change in any of the voltages on the 
modulator tube will cause a change in r-f. 
plate current and consequently a frequency 
change, it is advisable to use a regulated plate 
supply for both modulator and oscillator. 
At the low voltages used (250 volts), the 
required stabilization can be secured by means 
of gaseous regulator tubes (§ 8-8). 

Speech amplification — The speech ampli- 
fier preceding the modulator follows ordinary 
design (§ 5-9) except that no power is required 
from it and the a.f. voltage taken by the modu- 
lator grid is usually small — not more than 
10 or 15 volts even with large modulator tubes. 
Because of these modest requirements only a 
few speech-amplifier stages are needed; a two- 
stage amplifier consisting of a pentode followed 
by a triode, both resistance coupled, will suf- 
fice for crystal microphones (§ 5-8). 

Rf. amplifier stages — The frequency mul- 
tiplier and output stages following the modu- 
lated oscillator may be designed and adjusted 
in accordance with ordinary principles. No 
special excitation requirements are imposed, 
since the amplitude of the output is constant. 
Enough frequency multiplication must be 
used to give the desired maximum deviation 
at the final frequency; this depends upon the 
maximum linear deviation available from the 
modulator-oscillator. All stages in the trans- 
mitter should be tuned to resonance, and care- 
ful neutralization of any straight amplifier 
stages (§ 4-7) is necessary to prevent r.f. 
phase shifts which might cause distortion. 

Checking operation — The two quantities 
to be checked in the f.m. transmitter are linear- 
ity and frequency deviation. With a modulator 
of the type shown in Fig. 521, both the rf. 
and a.f. voltages are small enough to make the 
operation Class A (§ 3-4) so that the plate 
current of the modulator is constant so long 
as operation is over the linear portions of the 
No. 1 and No. 8 grid characteristics. Hence 
non-linearity will be indicated by a change in 
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plate current as the a.f. modulating voltage 
is increased. The distortion will be within ac- 
ceptable limits with the tube and constants 
given in Fig. 521 when the plate current does 
not change more than 5% with signal. 

Non-linearity is accompanied by a shift in 
the carrier frequency, so it can also be checked 
by means of a selective receiver such as one 
with a crystal filter (§ 7-11). A tone source is 
convenient for the test. Set the receiver for 
high selectivity, switch on the beat oscillator 
and tune to the oscillator carrier frequency. 
(The check does not need to be made at the 
output frequency, and the oscillator frequency 
usually is more convenient since it will fall 
within the tuning range of a communications 
receiver.) Increase the modulating signal until 
a definite shift in carrier frequency is observed; 
this indicates the point at which non-linearity 
starts. The modulating signal should be kept 
below this level for minimum distortion. 

A selective receiver also can be used to check 
frequency deviation, again at the oscillator 
frequency. A source of tone of known fre- 
quency is required, preferably a continuously 
variable calibrated audio oscillator or signal 
generator. Tune in the carrier as described 
above, using the beat oscillator and high selec- 
tivity, and adjust the modulating signal to the 
maximum level at which linear operation is 
secured. Starting with the lowest frequency 
available, slowly raise the tone frequency while 
listening closely to the carrier beat note. As the 
tone frequency is raised the beat note will de- 
crease in intensity, disappear entirely at a defi- 
nite frequency, then come back and increase 
in intensity as the tone frequency is raised still 
more. The frequency at which the beat note 
disappears multiplied by 2.4 is the frequency 
deviation at that level of modulating signal; 
for example, if the beat note disappears with 
an 800-cycle tone the deviation is 2.4 < 800, 
or 1920 cycles. The deviation at the output 
frequency is the oscillator deviation multiplied 
by the number of times the frequency is multi- 
plied; in this example, if the oscillator is on 
7 Me. and the output on 56 Mce., the final 
deviation is 1920 X 8, or 15.36 ke. 

The output of the transmitter can be 
checked for amplitude modulation by obsery- 
ing the antenna current. It should not change 
from the unmodulated carrier value when the 
transmitter is modulated. If there is no an- 
tenna ammeter in the transmitter, a flashlight 
lamp and loop can be coupled to the final tank 
coil to serve as a current indicator. The lamp 
brilliance should not change with modulation. 
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_Keying 


@6-l KEYING PRINCIPLES AND 
CHARACTERISTICS 


Requirements — The keying of a trans- 
mitter can be considered satisfactory if the 
method employed reduces the power output 
to zero when the key is open, or ‘‘up,’”’ and 
permits full power to reach the antenna when 
the key is closed, or ‘‘down.”’ Furthermore, it 
should do this without causing keying tran- 
sients or ‘‘clicks,’’ which cause interference 
with other amateur stations and with local 
broadcast reception, and it should not affect 
the frequency of the emitted wave. 

Back-wave — From various causes some en- 
ergy may get through to the antenna during 
keying spaces. The effect then is as though the 
dots and dashes were simply louder portions of 
a continuous carrier; in some cases, in fact, 
the back-wave, or signal heard during the key- 
ing spaces, may seem to be almost as loud as 
the keyed signal. Under these conditions the 
keying is hard to read. A pronounced back- 
wave often results when the amplifier stage 
feeding the antenna is keyed; it may be present 
because of incomplete neutralization (§ 4-7) 
of the final stage, allowing some energy to get 
to the antenna through the grid-plate capacity 
of the tube, or because of magnetic coupling 
between antenna coupling coils and one of the 
low-power stages. 

A back-wave also may be radiated if the key- 
ing system does not reduce the input to the 
keyed stage to zero during keying spaces. This 
trouble will not occur in keying systems which 
cut off the plate voltage when the key is open, 
but may be present in grid-blocking systems 
(§ 6-8) if the blocking voltage is not great 
enough and, in power supply primary-keyed 
systems (§ 6-3) if only the final stage power 
supply primary is keyed. 

Keying waveform and sidebands — A c.w. 
signal can be considered equivalent to any 
modulated signal (§ 5-1) except that instead 
of being modulated by sinusoidal waves and 
their harmonics, it is modulated by a rectan- 
gular wave as in Fig. 601-A. If it were modu- 
lated by a sinusoidal wave of single frequency, 
as in Fig. 601-B, the only sidebands would be 
those equal to the carrier frequency plus and 
minus the modulation frequency (§ 5-2). 
A keying speed of 50 words per minute, send- 
ing sinusoidal dots, would give sidebands only 
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20 cycles either side of the carrier. However, 

when harmonics are present in the modulation, 

the sidebands will extend out on both sides of 
the signal as far as the frequency of the highest 
harmonic. The rectangular wave form con- 
tains an infinite number of harmonics of the 
keying frequency, so a carrier modulated by 
truly rectangular dots would have sidebands 
covering the entire spectrum. Actually the 
high-order harmonics are eliminated because 
of the selectivity of the tuned circuits (§ 2-10) 
in the transmitter, but there is still enough - 
energy in the lower harmonics to extend the 
sidebands considerably. Considered from an- 
other viewpoint, whenever a pulse of current 
has a steep front (or back) high frequencies 
are certain to be present. If the pulse can be 
slowed down, or caused to lag, through a 
filter the highest-order harmonics are filtered 
out. : 

Key clicks — Because the high-order har- 
monics exist only when the keying character 
is started or ended (when the amplitude is 
building up or dying down) their effects outside 
the normal communication channel are ob- 
served as pulses of very short duration. These 
pulses are called key clicks. 

Tests have shown that practically all opera- 
tors prefer to copy a signal which is ‘‘solid” 
on the ‘‘make”’ end of each dot or dash; i.e., 
one that does not build up too-slowly, but just 
slowly enough to have a slight click when the 
key is closed. The same tests indicate that the 
most pleasing and least difficult signal to copy, 
particularly at high speeds, is one that has a 
fairly soft ‘‘break’”’ characteristic; i.e., one 
that has practically no click as the key is 
opened. A signal with heavy clicks on both 
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Fig. 601 — Extremes of possible keying waveshapes. 
A, rectangular characters; B, sine-wave characters. 


make and break is difficult to copy at high 
speeds (and also causes considerable inter- 
ference), but if it is too ‘‘soft’”’ the dots and 
dashes will tend to run together. It is relatively 
simple to adjust the keying of a transmitter 
so that for all normal hand speeds (15 to 40 
w.p.m.) the readability will be satisfactory 
while the keying still will not cause interfer- 
ence to reception of other signals near the 
frequency of the transmitter. 

Break-in keying — Since in code transmis- 
sion there are definite intervals, between dots 
and dashes and between words, when no power 
is being radiated by the transmitter it is possi- 
ble, with suitable keying methods, to allow 
the receiver to operate continuously and thus 
be capable of receiving incoming signals during 
the keying intervals. This practice facilitates 
communication because the receiving operator 
can signal the transmitting operator, by hold- 
ing down the key of his transmitter, whenever 
he has failed to copy part of the message and 
thus obtain a repetition of the missing part 
without loss of time. This is called break-in 
operation. 

Frequency stability —  Keviag should have 
no effect upon the output frequency of a prop- 
erly designed and adjusted transmitter. How- 
ever, in many instances keying will cause a 
“chirp,” or small frequency change at the 
instant of closing or opening the key, which 
makes the signal difficult to read. Multi-stage 
transmitters keyed in a stage subsequent to 
the oscillator are usually free from this condi- 
tion unless the keying causes line-voltage 
changes which in turn affect the frequency of 
the oscillator. When the oscillator is keyed 
for break-in operation special care must be 
taken to insure that the signal does not have 
keying chirps. 

Selecting the stage to key — It is advan- 
tageous from an operating standpoint to 
design the c.w. transmitter for break-in opera- 
tion. In ordinary cases this dictates that the 
oscillator be keyed, since a continuously- 
running oscillator will create interference in the 
receiver and thus prevent break-in operation 
on or near the transmitter frequency. On the 
other hand, it is easier to avoid a chirpy signal 
by keying a buffer or amplifier stage. In either 
case, the tubes following the keyed stage must 
be provided with sufficient fixed bias to limit 
the plate currents to safe values when the key 
is up and they are not being excited (§ 8-9). 
‘Complete cut-off reduces the possibility of a 
back-wave if a stage other than the oscillator 
is keyed, but the keying waveform is not as well 
preserved and some clicks can be introduced 
even though the keyed stage itself produces 
no clicks. It is a good general rule to bias the 
tubes to take a key-up plate current equal to 
about 5% of the normal key-down value. 
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Keyed power — The power broken by the 
key is an important consideration, both from 
the standpoint of safety for the operator and 
arcing at the key contacts. Keying the oscilla- 
tor or a low-power stage is favorable in both 
respects. The use of a keying relay is highly 
recommended when a high-power circuit is 
keyed. 


®6-2 KEYING CIRCUITS 


Plate-circuit keying — Any stage of the 
transmitter can be keyed by opening and clos- 
ing the plate power circuit. Two methods are 
shown in Fig. 602. In A the key is in series 
with the negative lead from the plate power 
supply to the keyed stage. It could also be 
placed in the positive lead, although this is 
to be avoided whenever possible because the 
key is necessarily at the plate voltage above 
ground and there is danger of shock unless a 
keying relay is used. 
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Fig. 602 — A, plate keying; B, sereen-grid keying. 
Oscillator circuits. are shown in both cases, but the key- 
ing methods also can be used with amplifiers. 


Fig. 602-B shows the key in the screen- 
supply lead of an electron-coupled oscillator. 
This can be considered to be a variation of 
plate keying. 

The circuits of Figs. 602-A and B respond 
well to the use of key-click filters,-and are 
particularly suitable for use with crystal and 


 self-controlled oscillators operating at low 


plate voltage and power input. 
Power-supply keying — A variation of 
plate keying, in which the keying is introduced 
in the power supply itself rather than between 
the power supply and transmitter, is illus- 


_ trated by the diagrams in Fig. 603. 
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Fig. 603 — Power-supply keying. Grid-control recti- 
fiers are used in A. Transformer T is a small multiple- 
secondary unit of the type used in receiver power sup- 
plies, and is used in conjunction with the full-wave recti- 
fier tube to develop bias voltage for the grids of the high- 
voltage rectifiers. Ri limits the load on the bias supply 
when the keying relay is closed; 50,000 ohms is a suitable 
value. Ci may be 0.1 yfd. or larger. L and C constitute 
the smoothing filter for the high-voltage supply in both 
circuits. B shows primary keying. 
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Fig. 603-A shows the use of grid-controlled 
rectifier tubes (§ 3-5) in the power supply. 
Keying is accomplished by applying suitable 
bias to the grids to cut off plate current flow 
when the key is open, and removing the bias 
when the key is closed. Since this circuit is 
used only with high-voltage supplies, a well- 
insulated keying relay is a necessity. Direct 
keying of the primary of the plate power 
transformer for the keyed stage or stages is 
shown in Fig. 603-B. This and the method at 
B inherently have a keying lag because of the 
time constant (§ 2-6) of the smoothing filter. 
If enough filter is provided to reduce ripple to 
a low percentage (§ 8-4) the lag (§ 6-1) is too 
great to permit crisp keying at speeds above 
about 25 words per minute, although this 
type of keying is very effective in eliminat- 
ing key clicks. A single-section filter (§ 8-6) is 
about the most that can be used for a reasona- 
bly-good keying characteristic. 

Blocked-grid keying — Keying may be ac- 
complished by applying sufficient negative 
bias voltage to a control or suppressor grid to 
cut off plate current flow when the key is open, 
and by removing this blocking bias when the 
key is closed. The blocking bias voltage must 
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be sufficient to overcome the r.f. grid vol- 
tage, in the case where the bias is applied 
to the control grid, and hence must be con- 
siderably higher than the nominal cut-off 
value for the tube at the operating d.c. 
plate voltage. The fundamental circuits are 

shown in Fig. 604. 
In both circuits the key is connected in 
series with a resistor, Ri, which limits 


Winding used the current drain on the blocking- 
“asprimary bias source when the key is closed. 


Re2Ci is a resistance-capacity filter 

(§ 2-11) for controlling the lag on 
make and break of the key circuit. The lag 
increases as the time constant (§ 2-6) of 
this circuit is made larger. Since grid current 
flows through R2 when the key is closed in 
Fig. 604-A, additional operating bias is de- 
veloped, hence somewhat less bias is 
needed from the regular bias supply. 
The operating and blocking biases can 
be obtained from the same supply, if 
desired, by utilizing suitable taps on a 
voltage divider (§ 8-10) or if no fixed bias is 
used Ry can be the regular grid leak (§ 3-6) 
for the stage. 

With blocked-grid keying a relatively small 
direct current is broken as compared to other 
systems, thus sparking at the key is reduced. 
The keying characteristic (lag) readily can be 
controlled by choice of values for Ci and Re. 
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Fig. 604 — Blocked-grid keying. Ri, the current- 
limiting resistor, should have a value of about 50,000 
ohms. Ci may have a capacity of 0.1 to 1 ufd., depending 
upon the keying characteristics desired. Re is similarly 
variable, values being of the order of 5000 to 10,000 
ohms in most cases. 


Cathode keying — Opening the d.c. circuits 
of both plate and grid simultaneously is called 
cathode keying, or center-tap keying with a 
directly-heated filament-type tube, since in 
the latter case the key is placed in the filament- 
transformer center-tap lead. The circuits are 
shown in Fig. 605, 
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Fig. 605 — Center-tap and cathode keying. Con- 
denser Cis anr.f. by-pass condenser having a capacity of 
0.001 to 0.01 ufd. : 


Cathode keying results in less sparking at 
the key contacts, for the same plate power, 
as compared with keying in the plate-supply 
lead. When used with an oscillator it does not 
respond as readily to key-click filtering (§ 6-3) 
as does plate keying, but there is little differ- 
ence in this respect between the two systems 
when an amplifier is keyed. 


e6-3 KEY-CLICK REDUCTION 


Rf. filters — A spark at the key contacts, 
even though minute, will cause a damped 
oscillation to be set up in the keying circuit 
which may modulate the transmitter output 
or may simply be radiated by the wiring to 
“the! 





Fig. 606 — B.4. filter for elimi- 
nating effects of sparking at key 
C contacts. Values are discussed in 
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the key. Interference from this source is usu- 
ally confined to the immediate vicinity of the 
transmitter, and is similar in nature and effects 
to the click which is frequently heard in a 
receiver when an electric light is turned on or 
off. It can be minimized by isolating the key 
from the wiring by means of a low-pass filter 
(§ 2-11), which usually consists of an r.f. 
choke in each key lead, placed as close as 
possible to the key, by-passed on the keying- 
line side by a condenser, as shown in Fig. 
606. Suitable values must be determined by 
experiment. Chokes values may range from 
2.5 to 80 millihenrys, and condenser capacities 
from 0.001 to 0.1 fd. 

This type of filter is required in nearly every 
keying installation, in addition to the lag cir- 
cuits discussed in the next paragraph. 

Lag circuits — A filter used to give a desired 
shape to the keying character to eliminate 
unnecessary sidebands and consequent inter- 
ference is called a lag circuit. In one form, 
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suitable for the circuits of Figs. 602 and 605, it 
consists of a condenser across the key terminals 
and an inductance in series with one of the 
leads. This is shown in Fig. 607. The optimum 
values of capacity and inductance must be 
found by experiment, but are not especially 
critical. If a high-voltage low-current circuit 
is being keyed, a small condenser and large 
inductance will be necessary, while if a low- 
voltage high-current circuit is keyed, the ca- 
pacity required will be high and the inductance 
small. For example, a 300-volt 6-ma. circuit 
will require about 30 henrys and 0.05 pfd., 
while a 300-volt 50-ma. circuit needs about 
1 henry and 0.5 ufd. For any given circuit 








To Keyed Circuit 
kL 
Cc Fig. 607 — Lag circuit for shap- 
ing the keying character. Values are 
discussed in the text. 
From Key 
and rf filter 


and fixed values of current and voltage, in- 
creasing the inductance will reduce clicks on 
*“make,’’ and increasing the capacity will 
reduce the clicks on ‘‘ break.” 

Blocked-grid keying is adjusted by changing 
the values of resistors and condensers in the 
circuit. In Fig. 604, the click on “make” is 
reduced by increasing the capacity of C; and 
the click on break is reduced by increasing Cj; 
and/or Ry. The values will vary with the 
amount. of blocking voltage and the grid 
current. The constants given in Fig. 604 will 
serve as a first approximation. 

Tube keying — A tube keyer is a convenient 
adjunct to the transmitter because it allows 
the keying characteristic to be adjusted easily 
without necessitating condenser and induct- 
ance values which may not be readily availa- 
ble. It uses the plate resistance of a tube (or 
tubes in parallel) to replace the key in a plate 
or cathode circuit, the keyer tube (or tubes) 
being keyed by the blocked-grid method 
(§ 6-2). A typical circuit is shown in Fig. 608. 
Type 45 tubes are suitable because of their 
low plate resistance and consequently small 
voltage drop between plate and cathode. 
When a tube keyer is used to replace the key 
in a plate or cathode circuit the power output 
of the stage will be somewhat reduced because 
of the voltage drop across the keyer tube, 
but this can be compensated for by a slight 
increase in the supply voltage. A tube keyer 
makes the key itself very safe to handle, 
since the high resistance in series with the key 
and blocking voltage prevents shock. 
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Fig. 608 — Vacuum-tube keyer circuit. The voltage 
drop across the tubes will be approximately 90 volts 
with the two type 45 tubes shown when the keyed cur- 
rent is 100 milliamperes. More tubes can be connected in 
parallel to reduce the drop. Suggested values are as fol- 
lows: 


Ci — 2ufd., 600-volt paper. 

Cz — 0.003-yfd. mica. 

C3 — 0.005-ufd. mica. 

Ri — 0.25 megohm: 

Re — 50,000 ohms, 10-watt. 

Rs, Ra — 5 megohms. 

Rs — 0.5 megohm. 

Swi, Swe — 3-position 1-circuit rotary switch. 

Ri — 325 volts each side c.t., with 5-volt and 2.5-volt 
windings. 

A wider range of lag adjustment may be obtained by 
using additional resistors and condensers. Suggested 
values of capacity, in addition to the above (Cz and C3), 
are 0.001 and 0.002 y»fd. Resistors in addition to Re 
could be 2, 2, 3 and 5 megohms. 


@6-4 CHECKING TRANSMITTER 
KEYING 


Clicks — Transmitter keying can be checked 
by listening to the signal on a superhetero- 
dyne receiver. The antenna should be discon- 
nected so that the receiver does not overload 
and, if necessary, the r.f. gain can be reduced 
- as well. Listening with the beat oscillator and 
a.v.c. off, the keying should be adjusted so 
that a slight click is heard as the key is closed, 
but practically none is heard as the key is 
released. When the keying constants have 
been adjusted to meet this condition, the 
clicks will be about optimum for all normal 
amateur work. If the clicks are too pronounced, 
they will cause interference with other ama- 
teurs and possibly to nearby broadcast re- 
ceivers. 

Chirps — Keying chirps (instability) may 
be checked by tuning in the signal or one of 
its harmonics on the highest frequency range 
of the receiver and listening with the b.f.o. 
on and the a.v.c. off. The gain should be suffi- 
cient to give moderate signal strength but 
it should be low enough to preclude the possi- 
bility of overloading. Adjust the tuning to 
give a low-frequency beat note and key the 
transmitter. Any chirp introduced by the 
keying adjustment will be readily apparent. 
By listening to a. harmonic, the effect of any 
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instability is magnified by 
the order of the harmonic 
= and thus made more per- 
ceptible. 
Oscillator keying — 
The keying of an amplifier 
is relatively straightfor- 
ward and requires no spe- 
cial considerations other 
than those mentioned, but 
a few additional precautions are necessary with 
oscillator keying. Any oscillator, either self- 
excited or crystal, will key well if it will oscillate 
at low plate voltages (of the order of one or two 
volts) and if its change in frequency with plate- 
voltage changes is negligible. A crystal oscilla- 
tor will oscillate at low plate voltages if a 
regenerative type of circuit such as the Tritet 
or grid-plate (§4-5) is used and if an rf. 
choke is connected in series with the grid leak 
to reduce loading on the crystal. Crystal oscil- 
lators of this type are generally free from chirp 
unless there is a relatively large air-gap be- 
tween the crystal and top plate of the holder, 
as is the case with a variable-frequency 
crystal set at the high-frequency end of its 
range. 

Self-controlled oscillators can be made to 
meet the same requirements by using a high 
C/L ratio in the tank circuit, low plate and 
screen currents, and judicious adjustment of 
the feedback (§ 3-7). A self-controlled oscilla- 
tor intended to be keyed should be designed 
for good keying rather than maximum. out- 
put. 

Stages following keying — When a keying 
filter is being adjusted, the stages following 
the keyed tube should be made inoperative by 
removing the plate voltage. This facilitates 
monitoring the keying without the introduc- 
tion of additional effects. The following stages 
should then be added one at a time, checking 
the keying after each addition. An increase 
in click intensity (for the same carrier strength) 
indicates that the clicks are being added in 
the stages following the one which is keyed. . 
The fixed bias on such stages should be sufh- 
cient to reduce the idling plate current (no 
excitation) to a low value but not to zero. 
Under these conditions any instability or 
tendency toward parasitic oscillations, either 
of which can adversely affect the keying char- 
acteristic, usually will evidence itself. It is 
particularly necessary that the transmitter 
be free from parasitic oscillations, since they 
can be the cause of key clicks which do not 
respond to the methods of treatment outlined 
in the preceding sections. 
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@7-l ELEMENTS OF RECEIVING 
SYSTEMS 

Basic requirements — The purpose of a 
radio receiving system is to abstract energy 
from passing radio waves and convert it into 
a form which conveys the intelligence con- 
tained in the signal. It must also be able to 
select a desired signal and eliminate those not 
wanted. The fundamental processes involved 
are amplification and detection. 

Detection — The high frequencies used for 
radio signalling are well beyond the audio- 
frequency range (§ 2-7) and therefore cannot be 
used directly to actuate a loudspeaker. Neither 
can they be used to operate other devices, 
such as relays, by means of which a message 
might be transmitted. The process of convert- 
ing a modulated radio-frequency wave to a 
usable low frequency, called detection or de- 
modulation, is essentially that of rectification 
(§ 3-1). The modulated carrier (§ 5-1) is there- 
by converted to a unidirectional current the 
amplitude of which will vary at the same rate 
as the modulation. These low-frequency varia- 
tions are readily applied to a headset, loud- 
speaker, or other form of electro-mechanical 
device. 

Code signals — The dots and dashes of code 
(c.w.) transmissions are rectified as described, 
but in themselves can produce no audible tone 
in a headset or loudspeaker because they are of 
constant amplitude. For aural reception it is 
necessary to introduce a second radio fre- 
quency, differing from the signal frequency by 
a suitable audio frequency, into the detector 
circuit to produce an audible beat (§ 2-13). 
The frequency difference, and hence the beat 
note, is generally of the order of 500 to 1000 
cycles since these tones are within the range 
of optimum response of both the ear and the 
headset. If the source of, the second radio 
frequency is a separate oscillator the system 
is known as heterodyne reception; if the detector 
itself is made to oscillate and produce the 
second frequency, it is known as an autodyne 
detector. 

Amplification — To build up weak signals 
to usable output level, modern receivers em- 
ploy considerable amplification — often of the 
order of hundreds of thousands of times. 
Amplifiers are used at the frequency of the in- 
coming signal (r.f. amplifiers), after detection 


(a.f. amplifiers) and, in the superheterodyne 
receiver, at one or more intermediate radio 
frequencies (2.f. amplifiers). The r.f. and if. 
amplifiers practically always employ tuned cir- 
cuits. 

Types of receivers — Receivers may vary 
in complexity from a simple detector with no 
amplification to multi-tube arrangements hay- 
ing amplification at several different radio 
frequencies as well as at audio frequency. A 
regenerative detector (§ 7-14) with or without 
audio frequency amplification is known as a 
regenerative receiver; if the detector is preceded 
by one or more tuned radio-frequency am- 
plifier stages the combination is known as a 
t.rf. (tuned radio frequency) receiver. The 
superheterodyne receiver (§ 7-8) employs r.f. 
amplification at a fixed intermediate fre- 
quency as well as at the frequency of the 
signal itself, the latter being converted by 
the heterodyne process to the intermediate 
frequency. 

At ultra-high frequencies the superregenera- 
tive detector (§ 7-4), usually with audio ampli- 
fication, is used in the superregenerative receiver, 
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Fig. 701 — Selectivity curve of a modern super- 
heterodyne receiver. The relative response is plotted 
against deviations above and below the resonance fre- 
quency. The scale at the left is in terms of voltage 
ratios; the corresponding decibel steps (§ 3-3) are shown 
at the right. 
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providing high amplification of weak signals 
with simple circuit arrangements. 


@7-2 RECEIVER CHARACTERISTICS 


Sensitivity — Sensitivity is defined as the 
strength of the signal (usually expressed in 
microvolts) which must be applied to the input 
terminals of the receiver to produce a specified 
audio-frequency power output at the loud- 
speaker or headset. It is a measure of the am- 
plification or gain. 

Signal-to-noise ratio — Every receiver gen- 
erates some noise of a hiss-like character, and 
signals weaker than the noise cannot be sepa- 
rated from it no matter how much amplifica- 
tion is used. This relation between noise and a 
weak signal is expressed by the signal-to-noise 
ratio. It can be defined in various ways, one 
simple one being to give it as the ratio of signal 
power output to noise output from the re- 
ceiver at a specified value of modulated carrier 
voltage applied to the input terminals. 

Since the noise is uniformly distributed over 
the whole spectrum, its effect will depend upon 
the selectivity of the receiver, greater selec- 
tivity giving smaller noise output and hence a 
higher signal-to-noise ratio. 

Selectivity — Selectivity is the ability of a 
receiver to discriminate against signals of 
frequencies differing from that of the desired 
signal. The overall selectivity will depend upon 
the selectivity of the individual tuned circuits 
and the number of such circuits. 

The selectivity of a receiver is shown graph- 
ically by drawing a curve which gives the ratio 
of signal strength required at various frequen- 
cies off resonance, to the signal strength at 
resonance, to give constant output. A reso- 
nance curve of this type (taken on a typi- 
cal communications-type superheterodyne re- 
ceiver) is shown in Fig. 701. The band-width 
is the width of the resonance curve (in cycles 
or kilocycles) at a specified ratio; in Fig. 701, 
the band-widths are indicated for ratios of 2 
and 10. 

Selectivity for signals within a few kilocycles 
of the desired signal frequency is called adja- 
cent-channel selectivity, to distinguish it from 
the discrimination against signals considerably 
removed from the desired frequency. 

Stability — Stability of a receiver is its 
ability to give constant output, over a period 
of time, from a signal of constant strength 
and frequency. Primarily, it means the ability 
to stay tuned to a given signal, although a 
receiver which at some settings of its controls 
has a tendency to break into oscillation, or 
“howl,” is said to be unstable. 

The stability of a receiver is affected prin- 
cipally by temperature variations, voltage 
changes, and constructional features of a 
mechanical nature. 
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Fidelity — Fidelity is the relative ability of 
the receiver to reproduce in its output the 
modulation (keying, ’phone, etc.) carried by 
the incoming signal. For exact reproduction, 
the band-width must be great enough to ac- 
commodate the highest modulation frequency, 
and the relative amplitudes of the various 
frequency components within the band must 
not be changed. 


@®7-3 DETECTORS 


Characteristics — The important charac- 
teristics of a detector are its sensitivity, fidelity 
or linearity, resistance, and signal-handling 
capability. 

Detector sensitivity is the ratio of audio- 
frequency output to radio-frequency input. 
Linearity is a measure of the ability of the 
detector to reproduce, as an audio frequency, 
the exact form of the modulation on the in- 
coming signal. ‘The reszstance or impedance of 
the detector is important in circuit design, 
since a relatively low resistance means that 
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Fig. 702 — Simplified and practical diode detector 
circuits. A, the elementary half-wave diode detector; 
B, a practical cricuit, with r.f. filtering and audio output 
coupling; C, full-wave diode detector, with output 
coupling indicated. The circuit L2Ci is tuned to the sig- 
nal frequency; typical values for Cz and Ri in A and C 
are 250 uyfd. and 250,000 ohms, respectively; in B, 
Ce and Cs are 100 uyfd. each; Ri, 50,000 ohms; and Re, 
250,000 ohms. Ca is 0.1 ufd. and R3, 0.5 to 1 megohm in 
all three diagrams. 


power is consumed in the detector. The signal- 
handling capability means the ability of the 
detector to accept signals of a specified ampli- 
tude without overloading. 

Diode detectors — The simplest detector is 
the diode rectifier. Circuits for both half-wave 
and full-wave (§ 8-8) diodes are given in Fig. 
702. The simplified half-wave circuit at 702-A 
includes the r.f. tuned circuit LeCi, with a 
coupling coil LZ; from which the r.f. energy is 
fed to LeC1; the diode, D, and the load resist- 
ance R; and by-pass condenser C2. The flow of 
rectified r.f. current through R, causes a d.c. 
voltage to develop across its terminals, and 
this voltage varies with the modulation on 
the signal. The — and + signs show the po- 
larity of the voltage. Variation in amplitude 
of the r.f. signal with modulation causes cor- 
responding variations in the value of the d.c. 
voltage across Ry. The load resistor, Ri, usu- 
ally has a rather high value so that a fairly 
large voltage will develop from a small recti- 
fied-current flow. 

In the circuit at 702-B, Ry and C2 have been 
divided for the purpose of filtering r.f. from the 
output circuit (§ 2-11); any r.f. voltage in the 
output may cause overloading of a succeeding 
amplifier tube. These audio-frequency varia- 
tions can be transferred to another circuit 
through a coupling condenser, C4 in Fig. 702, 
to a load resistor #3, which usually is a ‘‘po- 
tentiometer”’ so that the volume can be ad- 
justed to a desired level. 

The full-wave diode circuit at 702-C is prac- 
tically identical in operation to the half-wave 
circuit, except that both halves of the r.f. cycle 
are utilized. The full-wave circuit has the ad- 
vantage that very little r.f. voltage appears 
across the load resistor, R1, because the mid- 
point of ZL is at the same potential as the cath- 
ode or ‘‘ground”’ for r.f. 

The reactance of Cy. must be small compared 
to the resistance of Ry at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to Ry (§ 2-8, 2-138). 
This condition is satisfied by the values shown. 
If the capacity of C2 is too large, the response 
at the higher audio frequencies will be low. 

Compared with other detectors, the sensitiv- 
ity of the diode is low. Since the diode con- 
sumes power, the Q of the tuned circuit is re- 
duced, bringing about a reduction in selectiv- 
ity (§ 2-10). The linearity is good, however, 
and the signal-handling capability is high. 

Grid-leak detectors — The grid-leak de- 
tector is a combination diode rectifier and 
audio-frequency amplifier. In the circuit of 
Fig. 703-A, the grid corresponds to the diode 
plate, and the rectifying action is exactly the 
same. The d.c. voltage from rectified current 
flow through the grid leak, Ri biases the grid 
negatively with respect to cathode, aad the 
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Fig. 703 — Grid-leak detector circuits, A, triode; B, 
pentode. A tetrode may be used in the circuit of B by 
neglecting the suppressor-grid connection. Transformer 
coupling may be substituted for resistance coupling in 
A, or a high-inductance choke may replace the plate 
resistor in B. LiCi is a circuit tuned to the signal fre- 
quency. The grid leak, Ri, may be connected directly 
from grid to cathode instead of across the grid condenser 
as shown. The operation with either connection will be 
the same. Representative values are: 





Component Circuit A Circuit B 
Ce 100 to 250 upfd. 100 to 250 upfd. 
C3 0.001 to 0.002 ufd. 250 to 500 pufd. 
C4 0.1 ufd. 0.1 ufd. 

Cs 0.5 ufd. or larger. 
Ri 1 to 2 megohms. 1 to 5 megohms. 
Re 50,000 ohms. 100,000 to 250,000 ohms. 
Rs 50,000 ohms. 
Ra 20,000 ohms. 
T Interstage audio 
transformer. 
L 500-henry choke. 


The plate voltage in A should be about 50 volts for 
best sensitivity. In the screen voltage should be 
about 30 volts, plate voltage from 100 to 250. 


audio-frequency variations in voltage across 
R, are amplified through the tube just as in a 
normal a.f. amplifier. In the plate circuit, Re is 
the plate load resistance (§ 3-3) and C3 a by- 
pass condenser to eliminate r.f. in the output 
circuit. C4 is the output coupling condenser. 
With a triode, the load resistor Ry may be 
replaced by an audio transformer, 7’, as shown, 
in which case C4 is not used. 

Since audio amplification is added to recti- 
fication, the grid-leak detector has consider- 
ably greater sensitivity than the diode. The 


‘sensitivity can be further increased by using 


a screen-grid tube instead of a triode, as at 
703-B. The operation is equivalent to that 
of the triode circuit. Cs, the screen by-pass 
condenser, should have low reactance (§ 2-8, 
2-13) for both radio and audio frequencies. Rs 
and Ry, constitute 'a voltage divider (§ 8-10) 
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from the plate supply to furnish the proper 
d.c. voltage to the screen. In both circuits, C2 
must have low r.f. reactance and high a.f. 
reactance compared to the resistance of R1; 
the same consideration applies to C3 with 
respect to Ro. 

The sensitivity of the grid-leak detector is 
higher than that of any other type. Like the 
diode, it ‘‘loads”’ the tuned circuit and reduces 
its selectivity. The linearity is rather poor, and 
the signal-handling capability is limited. 

Plate detectors— The plate detector is 
arranged so that rectification of the r.f. signal 
takes place in the plate circuit of a triode, 
tetrode or pentode, as contrasted to the grid 


rectification just described. Sufficient negative 


bias is applied to the grid to bring the plate 
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Fig. 704 — Circuits for plate detection. A, triode; B, 
pentode. L1Ci is tuned to the signal frequency. Typical 





Circuits for triodes and pentodes are given 
in Fig. 704. C3 is the plate by-pass condenser, 
R, is the cathode resistor which provides the 
operating grid bias (§ 3-6), and Co is a by-pass, 
for both radio and audio frequencies, across Ry 
(§ 2-13). Re is the plate load resistance (§ 3-3) 
across which a voltage appears as a result of 
the rectifying action described above. C4 is the 
output coupling condenser. In the pentode 
circuit at B, Rs and R4 form a voltage divider 
to supply the proper potential (about 30 volts) 
to the screen, and Cs is a by-pass condenser 
between the screen and cathode. Cs must have 
low reactance for both radio and audio fre- 
quencies. 

The plate detector is more sensitive than 
the diode, since there is some amplifying action 
in the tube, but less so than the grid-leak de- 
tector. It will handle considerably larger sig- 
nals than the grid-leak detector, but is not 
quite as tolerant in this respect as the diode. 
Linearity, with the self-biased circuits shown, 
is good. Up to the overload point, the detector 
takes no power from the tuned circuit and 
hence does not affect its Q and selectivity 
(§ 2-10). 

Infinite impedance detector — The circuit 
of Fig. 705 combines the high signal-handling 
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Fig. 705 — The infinite impedance detector. LeC1 is 


tuned to the signal frequency. Typical values for other 
constants are: 





values for other constants are: C2 — 250 upfd. 
Component Circuit A Circuit B o a ay 
C2 0.5 wfd. or larger. 0.5 yfd. or larger. Ri G18 teantiat, 
C3 0.001 to 0.002 ufd. 250 to 500 pufd. Re — 25,000 ohms. 
ay 0.1 pfd. 0.1 ufd. R3 — 0.25-megohm volume control. 
0.5 ufd. or larger. A tube having a medium amplification factor (about 
1 ie to 20,000 10,000 to 20,000 ohms. 20) should be used. The plate voltage should be 250 
onms, volts. 
Re 50,000 to 100,000 100,000 to 250,000 ohms 
ohms. 
Rs 50,000 ohms. Dy (re * . 
Ra 20,000 chme. capabilities of the diode detector with low 


Plate voltages from 100 to 250 volts may be used. 
Screen voltage in B should be about 30 volts. 


current nearly to the cut-off point, so that the 
application of a signal to the grid circuit causes 
an increase in average plate current. The 
average plate current follows the changes in 
signal amplitude in a fashion similar to the 
rectified current in a diode detector. 
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distortion (good linearity) and, like the plate 
detector, does not load the tuned circuit to 
which it is connected. The circuit resembles 
that of the plate detector except that the load 
resistance, Ry, is connected between cathode 
and ground and is thus common to both grid 
and plate circuits, giving negative feedback 
for the audio frequencies. The cathode resistor . 
is by-passed for r.f. (C1) but not for audio 
(§ 2-13), while the plate circuit is by-passed 





Fig. 706 — Triode and pentode regenerative detector 
circuits. The circuit LeCi is tuned to the signal frequency. 
The grid condenser, C2, should have a value of about 
100 pyfd. in all circuits; the grid leak, Ri, may range in 
value from 1 to 5 megohms. The tickler coil, L3, will 
ordinarily have from 10% to 25% of the number of 
turns on Lg; in C, the cathode tap is about 10% of the 
‘ number of turns on Lz aboye ground. Regeneration 
control condenser C3 in A should have a maximum 
capacity of 100 pyufd. or more; by-pass condensers C3 
in B and C are likewise 100 uufd. Cs is ordinarily 1 pfd. 
or more; Re, 50,000-ohm potentiometer; Rs, 50,000 to 
100,000 ohms. La in B (Ls in C) is a 500-henry induct- 
ance, C4 is 0.1 yfd. in both circuits. Ti in A is a conven- 
tional. audio transformer for coupling from the plate 
of a tube to a following grid. RFC is 2.5 mh. 

In A, the plate voltage should be of the order of 50 
volts for best sensitivity. The pentode circuits require 
about 30 volts on the screen; plate voltage may be from 
100 to 250 volts. 
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to ground for both audio and radio frequencies. 
Ry with C2 forms an RC filter (§ 2-11) to iso- 
late the plate from the ‘‘B” supply at audio 
frequencies. 

The plate current is very low at no signal, 
increasing with signal as in the case of the 
plate detector. The voltage drop across Ry, 
similarly increases with signal because of the 
increased plate current. Because of this and 
the fact that the initial drop across R is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 


@7-4 REGENERATIVE DETECTORS 


Circuits — By providing controllable rf. 
feedback or regeneration (§ 3-3) in a triode or 
pentode detector circuit, the incoming signal 
can be amplified many times, thereby greatly 
increasing the sensitivity of the detector. 
Regeneration also increases the effective Q of 
the circuit and hence increases the selectivity 
(§ 2-10), by virtue of the fact that the maxi- 
mum regenerative amplification takes place 
at only the frequency to which the circuit is 
tuned. The grid-leak type of detector is most 
suitable for the purpose. Except for the re- 
generative connection, the circuit values are 
identical with those previously described for 
this type of detector, and the same considera- 
tions apply. 

Fig. 706 shows the circuits of regenerative 
detectors of various types. The circuit of A 
is for a triode tube, with a variable by-pass 
condenser, C3, in the plate circuit to control 
regeneration. When the capacity is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance (§ 2-8) becomes 
smaller until a critical value is reached where 
there is sufficient feed-back to cause oscillation. 
If Ze and L3 are wound end to end in the same 
direction, the plate connection is to the out- 
side of the plate or ‘‘tickler” coil, L3, when the 
grid connection is to the outside of the tuned 
circuit coil, Le. ; 

The circuit of B is for a screen-grid tube, re- 
generation being controlled by adjustment of 
the screen-grid voltage. The tickler, Ls, is in 
the plate circuit. The portion of the control 
resistor between the rotating contact and 
ground is by-passed by a large condenser 
(0.5 wid. or more) to filter out scratching noise 
when the arm is rotated (§ 2-11). The feedback 
should be adjusted by varying the number of 
turns on Ls or the coupling (§ 2-11) between 
Le and Lg so that the tube just goes into 
oscillation at a screen voltage of approximately 
30 volts. 

Circuit C is identical with B in principle of 
operation, except that the oscillating circuit is 
of the Hartley type (§ 3-7). Since the screen 
and plate are in parallel for r.f. in this circuit, 
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only a small amount of ‘‘tickler’’ — that is, 
relatively few turns between cathode tap and 
ground — is required for oscillation. 

Adjustment for smooth regeneration — 
The ideal regeneration control would permit 
the detector to go into and out of oscillation 
smoothly, would have no effect on the fre- 
quency of oscillation, and would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like- 
wise, the regeneration is affected by the 
frequency to which the grid circuit is tuned. 

In all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range with the proper plate (and 
screen, if a pentode) voltage. Should the tube 
break into oscillation suddenly, making a click, 
as the regeneration control is advanced, the 
operation can frequently be made smooth by 
changing the grid-leak resistance to a higher 
or lower value. The wrong grid leak plus too- 
high plate and screen voltage are the most 
frequent causes of lack of smoothness in going 
into oscillation. 

Antenna coupling —If the detector is 
coupled to an antenna, slight changes in the 
antenna constants (as when the wire swings in 
a breeze) affect the frequency of the oscilla- 
tions generated, and thereby the beat fre- 
quency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feedback required or the 
higher will be the voltage necessary to make 
the detector oscillate. The antenna coupling 
should be the maximum that will allow the 
detector to go into oscillation smoothly with 
the correct voltages on the tube. If capacity 
coupling (§ 2-11) to the grid end of the coil is 
used, only a very small amount of capacity 
will be needed to couple to the antenna. 
Increasing the capacity increases the cou- 
pling. 

At frequencies where the antenna system is 
resonant the absorption of energy from the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed; In extreme cases it may not be possible 
to make the detector oscillate with normal 
voltages, causing so-called ‘‘dead spots”. The 
remedy for this is to loosen the antenna cou- 
pling to the point which permits normal oscilla- 
tion and smooth regeneration control. 

Body capacity — A regenerative detector 
occasionally shows a tendency to change fre- 
quency slightly as the hand is moved near the 
dial. This condition (body capacity) can be 
caused by poor design of the receiver or by 
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the antenna, if the detector is coupled to an 
antenna. If the body capacity is present when 
the antenna is disconnected, it can be elimi- 
nated by better shielding, and sometimes by 
r.f. filtering of the ’phone leads. Body ca- 
pacity present only when the antenna is 
connected is caused by resonance effects in 
the antenna which tend to cause part of a 
standing wave (§ 2-12) of r.f. voltage to 
appear on the ground lead and thus raise the 
whole detector circuit above ground potential. 
A good, short ground connection should be 
made to the receiver and the length of the 
antenna, varied electrically (by adding a small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the antenna circuit also will help 
reduce body capacity. 

Hum — Power-supply frequency hum may 
be present in a regenerative detector, especially 
when it is used in an oscillating condition for 
c.w. reception, even though the plate supply is 
free from ripple (§ 8-4). It may result from the 
use of a.c. for the tube heater, but effects of 
this type are normally troublesome only when 
the circuit of Fig. 706-C is used, and then only 
at 14 Me. and higher frequencies. Connecting 
one side of the heater supply to ground, or 
grounding the center-tap of the heater trans- 
former winding, is good practice to reduce 
hum, and the heater wiring should be heat as 
far as possible from the r.f. circuits. 

House wiring, if of the ‘‘open”’ type, will 
have a rather extensive electrostatic field 
which may cause hum if the detector tube, 
grid lead, grid condenser and leak are not 
electrostatically shielded. This type of hum 
is easily recognizable because of its rather high 
pitch, a result of harmonics (§ 2-7) in the 
power-supply system. The hum is caused by a 
species of grid modulation (§ 5-4) because the 
field causes a small a.c. voltage to develop 
across the grid leak. 

Antenna resonance effects frequently cause 
a hum, of the same nature as that just de- 
scribed, which is most intense at the various 
resonance points and hence varies with tuning. 
For this reason it is called tunable hum. It is 
prone to occur with a rectified a.c. plate supply 
(§ 8-1) when a standing wave effect of the 
type described in the preceding paragraph 
occurs, and is associated with the non-linear- 
ity of the rectifier tube in the plate supply. 
Elimination of antenna resonance effects and 
by-passing the rectifier plates to cathode usu- 
ally will cure it. 

Tuning — For c.w. reception, the regenera- 
tion control is advanced until the detector 
breaks into a ‘‘hiss,’’ which indicates that the 
detector is oscillating. Further advancing of 
the regeneration control after the detector 
starts oscillating will result in a slight decrease 
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Fig. 707 — As the tuning dial of a receiver is turned 
past a c.w. signal, the beat note varies from a high tone 
down through “zero beat” (no audible frequency differ- 
ence) and back up to a high tone, as shown at A, B and C. 
The curve is a graphical representation of the action. 
The beat exists past 8000 or 10,000 cycles but usually is 
not heard because of the limitations of the audio system 
of the receiver. 


in the strength of the hiss, indicating that the 
sensitivity is decreasing. 

The proper adjustment for the reception of 
c.w. signals is just after the detector has 
started to oscillate, when it will be found that 
c.w. signals can be tuned in and will give a tone 
with each signal depending on the setting of 
the tuning control. As the receiver is tuned 
through a signal, the tone will first be heard 
as a very high pitch, go down through ‘‘zero 
beat”? and then disappear at a high pitch 
on the other side, as shown in Fig. 707. It 
will be found that a low-pitched beat-note 
cannot be obtained with a strong signal be- 
cause the detector ‘‘pulls in” or ‘‘blocks,”’ 
but this condition can be corrected by advanc- 
ing the regeneration control until the beat- 
note occurs again. If the regenerative detector 
is preceded by an r.f. amplifier stage, the block- 
ing can be eliminated by reducing the gain of 
the r.f. stage. If the detector is coupled to an 
antenna the blocking condition can be elimi- 
nated by advancing the regeneration control 
or loosening the antenna coupling. 

The point just after the receiver starts oscil- 
lating is the most sensitive condition for c.w. 
reception — further advancing of the regener- 
ation control makes the receiver less prone to 
blocking by strong signals but less capable of 
receiving weak signals. 

If the receiver is in the oscillating condition 
and a ’phone signal is tuned in, a steady beat- 
note will result and, while it is possible to 
listen to ’phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to 
reduce the regeneration to the point just before 
the receiver goes into oscillation. This is the 
most sensitive operating point for this type of 
reception. 
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Superregeneration — The limit to which 
ordinary regenerative amplification can be 
carried is the point at which oscillations com- 
mence, since at that point further amplification 
ceases. The superregenerative detector over- 
comes this limitation by introducing into the 
detector circuit an alternating voltage of a 
frequency somewhat above the audible range 
(of the order of 20 to 100 kilocycles) in such a 
way as to vary the detector’s operating point 
(§ 3-3). As a consequence of the introduction of 
this quench or interruption frequency the de- 
tector can oscillate only when the varying 
operating point is in a region suitable for the 
production of oscillations. Because the os- 
cillations are constantly being interrupted the 
regeneration can be greatly increased and the 
signal will build up to relatively tremendous 
proportions. The superregenerative circuit is 
suitable only for the reception of modulated 
signals, and operates best on ultra-high fre- 
quencies where it has found considerable appli- 
cation in simple receivers. 

A typical superregenerative circuit for ultra- 





Fig. 708 — Superregenerative detector circuit with 
separate quench oscillator. L2Ci is tuned to the signal 
frequency. Typical values for other components are as 
follows: 


C2 — 100 upfd. 
Cz — 500 upfd. 
C4 — 0.1 ufd. 


Ri — 5 megohms. 

Rz — 50,000 ohms. 

R3 — 50,000-ohm potentiometer. 

Ra — 50,000 ohms. 

Ti — Audio transformer, plate-to-grid type. 

RFC — Radio-frequency choke, constants depending 
upon frequency of operation. Special low- 
capacity chokes are required for ultra-high 
frequencies. 


high frequencies is shown in Fig. 708. The 
regenerative detector circuit is an ultraudion 
oscillator (§ 3-7). The quench frequency, ob- 
tained from the separate quench oscillator, is 
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introduced in the plate circuit. Many other 
circuit arrangements are possible. 

If regeneration in an ordinary regenerative 
circuit is carried sufficiently far, the circuit will 
break into a low-frequency oscillation simul- 
taneously with that at the operating radio 
frequency. This low-frequency oscillation has 
much the same quenching effect as that from a 
separate oscillator, hence a circuit so operated 
is called a self-quenching superregenerative 
detector. This type of circuit is more successful 
at ultra-high than at ordinary communication 
frequencies. The frequency of the quench 
oscillation depends upon the feedback and 


upon the time constant of the grid leak and. 


condenser, the oscillation being a form of 
“blocking” or ‘‘squegging”’ in which the grid 
accumulates a strong negative charge which 
cannot leak off rapidly enough through the grid 
leak to prevent a relatively slow variation of 
the operating point. 

’ The superregenerative detector has little 
selectivity, but discriminates against noise 
such as that from automobile ignition systems. 
It also has marked automatic volume control 
action, since strong signals are amplified to a 
much smaller extent than weak signals. 

Adjustment of superregenerative detec- 
tors — Because of the greater amplification, 
the hiss when the superregenerative detector 
goes into oscillation is much stronger than 
with the ordinary regenerative detector. The 
most sensitive condition is at the point where 
the hiss first becomes marked. When a signal is 
tuned in the hiss will disappear to a degree 
which depends upon the signal strength. 

Lack of hiss indicates insufficient feedback at 
the signal frequency or inadequate quench 
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voltage. Antenna loading effects will cause 
dead spots similar to those with regenerative 
detectors and these can be overcome by the 
same methods. The self-quenching detector 
may require critical adjustment of the grid 
leak and grid condenser values for smooth 
operation, since these determine the frequency 
and amplitude of the quench voltage. 


e@-5 AUDIO-FREQUENCY AMPLIFIERS 


General — Audio-frequency amplifiers are 
used after the detector to increase the power to 
a level suitable for operating a loud-speaker or, 
in some cases, a headset. There are seldom 
more than two stages of a.f. amplification in a 
receiver, and often only one. 

In all except battery-operated receivers, the 
negative grid bias of audio amplifiers is usually 
secured from the voltage drop in a cathode re- 
sistor (§ 3-6). The cathode resistor must be by- 
passed by a condenser having low reactance, at 
the lowest audio frequency to be amplified, 
compared to the resistance of the cathode re- 
sistor (10% or less) (§ 2-8, 2-13). In battery- 
operated sets, a separate grid-bias battery 
generally is used. 

Headset and voltage amplifiers — The 
circuits shown in Fig. 709 are typical of those 
used for voltage amplification and for provid- 
ing sufficient power for operation of head- 
phones (§ 3-3). Triodes usually are preferred 
to pentodes because they are better suited to 
working into an audio transformer or headset, 
which have impedances of the order of 20,000 
ohms. 

In these circuits, Re is the cathode bias re- 
sistor and C, the cathode by-pass condenser. 
Ri, the grid resistor, gives volume control 
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Fig. 709 — Audio amplifier 
circuits for voltage amplifica- 
tion and headphone output. 
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Fig. 710 — Audio power output amplifier circuits. 
Class He or AB (§ 3-4) amplification is used. 


action (§ 5-9). Its value ordinarily is from 0.25 
to 1 megohm. C2 is the input coupling con- 
denser, already discussed under detectors; it 
is, in fact, identical to C4 in Figs. 703 and 704 
if the amplifier is coupled to a detector. 

Power amplifiers— A popular type of 
power amplifier is the single pentode; the 
circuit diagram is given in Fig. 710-A. The 
grid resistor, Ri, may be a potentiometer for 
volume control as shown at R; in Fig. 709. The 
output transformer 7’ should have a turns ratio 
(§ 2-9) suitable for the speaker used; most of 
the small speakers now available are furnished 
complete with output transformer. 

When greater volume is needed a pair of 
pentodes or tetrodes may be connected in 
push-pull (§ 3-8) as shown in Fig. 710-B. 
Transformer coupling to the voltage-amplifier 
stage is the simplest method of obtaining push- 
pull input for the amplifier grids. The inter- 
stage transformer, 71, has a center-tapped 
secondary, with a secondary-to-primary turns 
ratio of about 2 to 1. An output transformer, 
T2, with a center-tapped primary must be used. 
No by-pass condenser is needed across the 


cathode resistor, R, since the a.f. current 


does not flow through the resistor as it 
does in single-tube circuits. 

Tone control— A tone control is a 
device for changing the frequency re- 


sponse (§ 3-3) of an audio amplifier; t —- 


usually it is simply a method for re- 


ducing high-frequency response. This is help- 
ful in reducing hissing and crackling noises 
without disturbing the intelligibility of the 


signal. R4 and Cz together in Fig. 709-D form 
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an effective tone control of this type. The 
maximum effect is secured when Ry is entirely 
out of the circuit, leaving C4 connected between 
grid and ground. FR, should be large enough 
compared to the reactance of C4 (§ 2-8) so 
that when it is all in circuit the effect of C4 on 
the frequency response is negligible. 


@7-6 RADIO-FREQUENCY AMPLIFIERS 


Circuits — Although there are variations in 
detail, practically all r.f. amplifiers conform to 
the basic circuit shown in Fig. 711. A screen- 
grid tube, usually a pentode, is invariably 
used, since a triode will oscillate when its grid 
and plate circuits are tuned to the same 
frequency (§ 3-5). The amplifier operates Class 
A, without grid current (§ 3-4). The tuned grid 
circuit, L1C1, is coupled through Le to the 
antenna (or, in some cases, to a preceding 
stage). Ry and C2 are the cathode bias resistor 
and cathode by-pass condenser, C3 the screen 
by-pass condenser, and FR» the screen dropping 
resistor. L3 is the primary of the output trans- 
former (§ 2-11), tightly coupled to L4 which, 
with Cs, constitutes the tuned circuit feeding 
the detector or a following amplifier tube. 
IC; and L4C; are both tuned to the frequency 
of the incoming signal. 

Shielding — The screen-grid construction 
prevents feedback (§ 3-3) from plate to grid 
inside the tube, but in addition it is necessary 
to prevent transfer of energy from the plate 
circuit to the grid circuit external to the tube. 
This is accomplished by enclosing the coils in 
grounded shielding containers, and by keeping 
the plate and grid leads well separated. With 
“single-ended”? tubes care in laying out the 
wiring to obtain the maximum possible physi- 
cal separation between plate and grid leads is 
necessary to prevent capacity coupling. 

‘The shield around a coil will reduce the in- 
ductance and Q of the coil (§ 2-11) to an extent 
which depends upon the shielding material 
and its distance from the coil. Adjustments to 
the inductance therefore must be made with 
the shield in place. 

By-passing — In addition to shielding, good 
by-passing (§ 2-13) is imperative. This is not 
simply a matter of choosing the proper type 
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Fig. 711 — The circuit of a tuned radio-frequency 
amplifier. Circuit values are discussed in the text. 
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and capacity of by-pass condenser. Short 
separate leads from C3 and C4 to cathode or 
ground are a prime necessity, since at the 
higher radio frequencies even an inch or two 
of wire will have enough inductance to provide 
feedback coupling, and hence cause oscillation, 
if the wire happens to be common to both the 
plate and grid circuits. 

Gain control — The gain of an r.f. amplifier 
usually is varied by varying the grid bias. This 
method is applicable only to variable-y type 
tubes (§ 3-5) hence this type usually is found 
in r.f. amplifiers. In Fig. 711, Rs and R4 com- 
prise the gain-control circuit. Rg is the control 
resistor (§ 3-6) and R4 a dropping resistor of 
such value as to make the voltage across the 
outside terminals of Rg about 50 volts (§ 8-10). 
The gain is maximum with the variable arm 
all the way to the left (grounded) on R3 and 
minimum at the right. Rs could simply be 
placed in series with Ri, omitting R, entirely, 
but the range of control is limited when this 
connection is used. 

In a multi-tube receiver, the gain of several 
stages would be varied simultaneously, a single 
control sufficing for all. In such a case, the 
lower ends of the several cathode resistors 
(Ri) would be connected together and to the 
movable contact on R3. 

Circuit values — The value of the cathode 
resistor, Ri, should be calculated for the 
minimum recommended bias for the tube used. 
The capacities of C2, C3 and C4 must be such 
that.the reactance is low at radio frequencies; 
this condition is easily met by using 0.01-yfd. 
condensers at communication frequencies, or 
0.001 to 0.002 mica units at ultra-high fre- 
quencies up to 112 Mc. Re is found by taking 
the difference between the recommended plate 
and screen voltages, then substituting this and 
the rated screen current in Ohm’s Law (§ 2-6). 
R3 must be selected on the basis of the number 
of tubes to be controlled; a resistor must be 
chosen which is capable of carrying, at its low- 
resistance end, the sum of all the tube currents 
plus the bleeder current. A resistor of suitable 
current-carrying capacity being found, the 
bleeder current necessary to produce a drop 
through it of about 50 volts can be calculated 
by Ohm’s Law. The same formula will give 
Ra, using the plate voltage less 50 volts for # 
and the bleeder current just found for J. 

The constants of the tuned circuits will de- 
pend upon the frequency range, or band, being 
covered. A fairly high L/C ratio (§ 2-10) 
should be used on each band; this is limited, 
however, by the irreducible minimum capaci- 
ties. An allowance of 10 to 20 wufd. should be 
made for tube and stray capacity, and the 
minimum capacity of the tuning condenser 
also must be added. 

If the input circuit of the amplifier is con- 
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nected to an antenna, the coupling coil Le 
should be adjusted to provide critical coupling 
(§ 2-11) between the antenna and grid circuit. 
This will give maximum energy transfer. The 
turns ratio L;/Z2 will depend upon the fre- 
quency, the type of tube used, the Q of the 
tuned circuit, and the antenna system, and in 
general is best determined experimentally. 
The selectivity will increase as the coupling is 
reduced below this ‘‘optimum” value, a con- 
sideration which it is well to keep in mind if 
selectivity is of more importance than maxi- 
mum gain. 

The output circuit coupling depends upon 
the plate resistance (§ 3-2) of the tube, the 
input resistance of the succeeding stage, and 
the Q of the tuned circuit Z4Cs5. Ls is usually 
coupled as closely as possible to L4 (this avoids 
the necessity for an additional tuning con- 
denser across L3) and the energy transfer is 
about maximum when Zz has 24 to 4% as many 
turns as Za, with ordinary receiving screen- 
grid pentodes. 

Tube and circuit noise — In any conductor 
electrons will be moving in random directions 
simultaneously and, as a result, small irregular 
voltages are developed across the conductor 
terminals. The voltage is larger the greater the 
resistance of the conductor and the higher its 
temperature. This is known as the thermal 
agitation effect, and it produces a hiss-like 
noise voltage distributed uniformly throughout 
the radio-frequency spectrum. The thermal 
agitation noise voltage appearing across the 
terminals of a tuned circuit will be the same as 
in a resistor of a value equal to the parallel 
impedance of the tuned circuit (§ 2-10) even 
though the actual circuit resistance is low. 
Hence the higher the Q of the circuit the greater 
the thermal agitation noise. 

Another component of hiss noise is devel- 
oped in the tube, because the rain of electrons 
on the plate is not entirely uniform. Small ir- 
regularities caused by gas in the tube also 
contribute to the effect. Tube noise varies 
with the type of tube, and is proportional in a 
general way to the inverse ratio of the mutual 
conductance (§ 3-2) of the tube to the square 
root of the plate current. 

To obtain the best signal-to-noise ratio, the 
signal must be made as large as possible at the 
grid of the tube, which means that the antenna 
coupling must be adjusted to that end, and 
also that the Q of the grid tuned circuit must 
be high. A tube with low inherent noise obvi- 
ously should be chosen. In an amplifier having 
good signal-to-noise ratio the thermal agita- 
tion noise will be greater than the tube noise. 
This can easily be checked by grounding the 
grid through a 0.01-,fd. condenser and observ- 
ing whether there is a decrease in noise. If 
there is no change, the tube noise is greatly 


predominant, indicating a poor signal-to- 
noise ratio in the stage. The test is valid only 
if there is no regeneration in the amplifier. 
The signal-to-noise ratio will decrease as the 
frequency is raised because it becomes in- 
creasingly difficult to obtain a tuned circuit of 
high effective Q (§ 7-7). 

The first stage of the receiver is the impor- 
tant one from the signal-to-noise ratio stand- 
point. Noise generated in the second and sub- 
sequent stages, while comparable in magnitude 
to that generated in the first, is masked by the 
amplified noise and signal from the first stage. 
After the second stage, further contributions 
by tubes and circuits to the total noise are in- 
consequential in any normal recéiver. 

Tube input resistance — At high frequen- 
cies the tube may consume power from the 
tuned grid circuit even though the grid is not 
driven positive by the signal. Above 7 Me. all 
tubes load the tuned circuit to an extent which 
depends upon the type of tube. This effect 
comes about because the time necessary for 
electrons to travel from the cathode to the grid 
becomes comparable to the time of one r.f. 
cycle, and because of a degenerative effect 
(§ 3-3) of the cathode lead inductance. With 
certain tube types the input resistance may 
be as low as a few thousand ohms at 28 Mc. 
and as low as a few hundred ohms at ultra- 
high frequencies. 

This input loading effect is in addition to 
the normal decrease in the Q of the circuit 
alone at the higher frequencies because of in- 
creased losses in the coil and condenser. Thus 
the selectivity and gain of the circuit are both 
adversely affected. 

Comparison of tubes — At 7 Mc. and lower 
frequencies, the signal-to-noise ratio, gain and 
selectivity of an r.f. amplifier stage are suffi- 
ciently high with any of the standard receiving 
tubes. At 14 Me. and higher, however, this is 
no longer true, and the choice of a tube must 
be based on several conflicting considerations. 

Gain is highest with high mutual-conduct- 
ance pentodes, the 1851 and 1852 being ex- 
amples of this type. These tubes also develop 
less noise than any of the others. The input- 
loading effect is greatest with them, however, 
so that selectivity is decreased and the tuned- 
circuit gain is lowered. 

Pentodes such as the 6K7, 6J7 and corre- 
sponding types in glass have lesser input- 
loading effects at. high frequencies, moderate 
gain, and relatively-high inherent noise. 

The ‘‘acorn” and equivalent miniature 
pentodes are excellent from the input-loading 
standpoint, the gain is about the same as with 


the standard types, and the inherent noise is, 


somewhat lower. 
Where selectivity is paramount, the acorns 
are best, standard pentodes second, and the 
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1851-52 types last. On signal-to-noise ratio 
the 1851—52 tubes are first, acorns second, and 
standard pentodes third. The same order 
holds for overall gain. 

At 56 Mc. the standard types are usable, 
but acorns are capable of better performance 
because of lesser loading. The 954, 956 and 
the corresponding types 9001 and 9003 are 


_ the only usable types for r.f. amplification at 


112 Me. and higher. 


@7-7 TUNING AND BAND-CHANGING 
METHODS 

Band changing — The resonant cireuits 
which are tuned to the frequency of the 
incoming signal constitute a special problem 
in the design of amateur receivers since the 
amateur frequency assignments consist of 
groups or bands of frequencies at widely- 
spaced intervals. The same LC combination 
cannot be used for, say, 14 Mc. to 3.5 Me., 
because of the impracticable maximum-mini- 
mum capacity ratio required, and also because 
the tuning would be excessively critical with 
such a large frequency range. It is necessary, 
therefore, to provide a means for changing the 
circuit constants for various frequency bands. 
As a matter of convenience, the same tuning 
condenser usually is retained, but new coils 
are inserted in the circuit for each band. 

There are two favorite methods of changing 
inductances; one is to use a switch, having an 
appropriate number of contacts, which con- 
nects the desired coil and disconnects the 
others. The second is to use coils wound on 


. forms with contacts (usually pins) which can 


be inserted in and removed from a socket. 
Band spreading — The tuning range of a 
given coil and variable condenser will depend 


C, C2 
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Fig. 712 — Essen- 
tials of band-spread 
tuning systems. 


(6) 


©) 





{21 


CHAPTER SEVEN 


She Radio A matode’s Hadtoak 


upon the inductance of the coil and the change 
in tuning capacity. For ease of tuning it is de- 
sirable to adjust the tuning range so that prac- 
tically the whole dial scale is occupied by the 
band in use. This is called band-spreading. 
Because of the varying widths of the bands, 
special tuning methods must be devised to give 
the correct maximum-minimum capacity ratio 
on each. Several of these are shown in Fig. 712. 

In A, a small band-spread condenser Cy 
(15 to 25 wufd. maximum capacity) is used in 
parallel with a condenser, C2, which is usually 
large enough (140 to 175 wufd.) to cover a 2-to-1 
frequency range. The setting of C2 will deter- 
mine the minimum capacity of the circuit, 
and the maximum capacity for band-spread 
tuning will be the maximum capacity of C1 
plus the setting of Co. The inductance of the 
coil can be adjusted so that the maximum- 
minimum ratio will give adequate band- 
spread. In practicable circuits it is almost 
impossible because of the non-harmonic rela- 
tion of the various bands to get full band- 
spread on all bands with the same pair of con- 
densers, especially when the coils are wound 
to give continuous frequency coverage on C2, 
which is variously called the band-setting or 
main-tuning condenser. C2 must be re-set each 
time the band is changed. 

The method shown at B makes use of con- 
densers in series. The tuning condenser, C4, 
may have a maximum capacity of 100 uyxfd. or 
more. The minimum capacity is determined 
principally by the setting of C3, which usually 
has low capacity, and the maximum capacity 
by the setting of Co, which is of the order of 25 


to 50 uufd. This method is capable of close ad- 


justment to practically any desired degree of 
band-spread. C2 and Cs must be adjusted for 
each band or else separate pre-adjusted con- 
densers must be switched in. 

The circuit at C also gives complete spread 
on each band. C1, the band-spread condenser, 
may have any convenient value of capacity; 
50 upfd. is satisfactory. Ce may be used for con- 
tinuous frequency coverage (‘‘general cover- 
age’’) and as a band-setting condenser. The 
effective maximum-minimum capacity ratio 
depends upon the capacity of Cz and the point 
at which Cj is tapped on the coil. The nearer 
the tap to the bottom of the coil, the greater 
the band-spread, and vice versa. For a given 
coil and tap, the band-spread will be greater 
if Co is set at larger capacity. Co may be 
mounted in the plug-in coil form and pre-set, 
if desired. This requires a separate condenser 
for each band, but eliminates the necessity for 
re-setting C2 each time the band is changed. 

Ganged tuning — The tuning condensers 
of the several r.f. circuits may be coupled to- 
gether mechanically and operated by a single 
control. This operating convenience involves 
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more complicated construction, both electri- 
cally and mechanically. It becomes necessary 
to make the various circuits track — that is, 
tune to the same frequency at each setting of 
the tuning control. : 

True tracking can be obtained only-when the 
inductance, tuning condensers, circuit mini- 
mum capacity and maximum capacity are 
identical in all ‘‘ganged’”’ stages. A small 
trimmer or padding condenser is connected 
across the coil so that variations in minimum 
capacity can be compensated. The fundamen- 
tal circuit is shown in Fig. 713, where C is the 
trimmer and C2 the tuning condenser. The use 
of the trimmer increases the minimum circuit 
capacity, but is a necessity for satisfactory 
tracking. Condensers having maximum ca- 


Fig. 713 — Showing the 

use of a trimmer condenser 

L fa c across the tuned circuit to 

u 2 set the minimum circuit 

capacity for ganged tun- 
ing. 


pacities of 15 to 30 uwufd. generally are used for 
the purpose. 

The same methods are applied to band- 
spread circuits which must be tracked. The 
circuits are identical with those of Fig. 712, 
although if both general-coverage and band- 
spread tuning are to be available, an addi- 
tional trimmer condenser must be connected 
across the coil in each circuit shown. If only 
amateur-band tuning is desired, however, 
then C3 in Fig. 712-B, and C2 in Fig. 712-C 
serve as trimmers. 

The coil inductance can be adjusted by 
starting with a larger number of turns than 
necessary, then removing a turn or fraction of 
a turn at a time until the circuits track satis- 
factorily. An alternative method of adjusting 
inductance, providing it is reasonably close to 
the correct value initially, is to make the coil 
so that the last turn is variable with respect to 
the whole coil, or to use a single short-circuited 
turn the position of which can be varied with 
respect to the coil. These methods are shown in 
Fig. 714. 

U.H.F. circuits — Tube interelectrode ca- 
pacities are practically constant for a given 
tube type regardless of the operating fre- 
quency, and the same thing is approximately 
true of stray circuit capacities. Hence at 
ultra-high frequencies these capacities become 
an increasingly larger part of the usable tuning 
capacity and reasonably-high L/C ratios 
(§ 2-10) are more difficult to secure as the 
frequency is raised. Because of this irreducible 
minimum capacity, standard types of tubes 
cannot be tuned to frequencies higher than 
about 200 Mc., even when the inductance in 
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Fig. 714— Methods of adjusting inductance for 
ganging. The half turn in A can be moved so that its 
magnetic field either aids or opposes the field of the coil. 
The shorted loop in B is not connected to the coil, but 
operates by induction. It will have no effect on the coil 
inductance when the plane of the loop is parallel to the 
axis of the coil, and will give maximum reduction of the 
coil inductance when perpendicular to the coil axis. 


the circuit is simply that of a straight wire 
between the tube elements. 

Along with these capacity effects the input 
loading (§ 7-6) increases rapidly at ultra-high 
frequencies so that ordinary tuned circuits 
have very low effective Q’s when connected to 
the grid circuit of a tube. The effect is still 
further aggravated by the fact that losses in 
the tuned circuit itself are higher, causing a 
still further reduction in Q. For these reasons 
the frequency limit at which an r.f. amplifier 
will give any gain is in the vicinity of 60 Mc., 
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Fig. 715 — Circuits of improved Q for ultra-high fre- 
quencies. A, reducing tube loading by tapping down on 
the resonant circuit; B, use of a concentric-line circuit, 
with the tube similarly tapped down. The line should be 
a quarter-wave long, electrically; because of the addi- 
tional shunt capacity represented by the tube the 
physical length will be somewhat less than given by the 
formula (§ 10-5). In general, this reduction in length will 
be greater the higher the grid tap on the inner conductor. 
One method of coupling to an antenna or preceding 
stage is indicated. The coupling turn should be parallel 
to the axis of the line and insulated from the outer 
conductor. 
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with standard tubes, and at higher frequencies 
there is a loss instead of amplification. The 
condition can be mitigated somewhat by tak- 
ing steps to improve the effective Q of the 
circuit, either by tapping the grid down on the 
coil as shown in Fig. 715-A or by using a 
lower L/C ratio (§ 2-10). The Q of the tuned 
circuit alone can be greatly improved by using 
a linear circuit (§ 2-12), which when properly 
constructed will give Q’s much higher than 
those attainable at lower frequencies with 
conventional coils and condensers. The con- 
centric type of line, Fig. 715-B, is best both 
from the standpoint of Q and adaptability to 
non-symmetrical circuits such as are used in 
receivers. Since the capacity and resistance 
loading effect of the tube are still present, the 
Q of such a circuit will be destroyed if the grid- 
cathode circuit of the tube is connected directly 
across it, hence tapping down, as shown, is 
necessary. 

Ultra-high frequency amplifiers should em- 
ploy tubes of the acorn type which have the 
smallest loading effect as well as low inter- 
electrode capacities. This is because the 
smaller loading effect means higher input 
resistance and hence, for a given loaded Q of 
the tuned circuit, higher voltage developed 
between grid and cathode. Thus the amplifi- 
cation of the stage is higher. 

A concentric circuit may be tuned by vary- 
ing the length of the inner conductor (usually 
by using close-fitting tubes, one sliding inside 
the other) or by connecting an ordinary tuning 
condenser across the line. Tapping the con- 
denser down as shown in Fig. 715-B gives a 
band-spread effect which is advantageous, 
and in addition helps to keep the Q of the cir- 
cuit higher than it would be with the con- 
denser connected directly across the open end 
of the line, since at ultra-high frequencies most 
condensers have losses which cannot be neg- 
lected. 

U.h.f. oscillators such as those used in the 
superregenerative detector usually will work 
well at frequencies where r.f. amplification is 
impossible with standard tubes (as in the 
112-Mce. band) since tube losses are compen- 
sated for by energy taken from the power 
supply. Ordinary coil and condenser circuits 
are practicable with such tubes and circuits 
at 112 Mc., and although not as good as linear 
circuits are more convenient to construct. 


e¢-38 THE SUPERHETERODYNE 


Principles— In the _ superheterodyne, or 
superhet, receiver the frequency of the incom- 
ing signal is changed to a new radio frequency, 
the intermediate frequency (i.f.), then ampli- 
fied, and finally detected. The frequency is 
changed by means of the heterodyne process 
(§ 7-1), the output of an adjustable local oscil- 
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lator (h.f. oscillator) being combined with the 
incoming signal in a mixer or converter stage 
(first detector) to produce a beat frequency 
equal to the if. Fig. 716 gives the essentials of 
the superhet in block form. C.w. signals are 
made audible by heterodyning the signal at 
the second detector by an oscillator (the beat 
frequency oscillator (b.f.o.) or beat oscillator), 
set to differ from the if. by a suitable audio 
frequency. 

As a numerical example, assume that an in- 
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termediate frequency of 455 ke. is chosen, 
and that the incoming signal is on 7000 kc. 
Then the h.f. oscillator frequency may be set 
to 7455 ke. in order that the beat frequency 
(7455 minus 7000) will be 455 ke. The h.f. os- 
cillator also could be set to 6545 ke., which will 
give the same frequency difference. To produce 
an audible c.w. signal of say 1000 cycles at the 
second detector, the beat oscillator would be 
set either to 454 ke. or 456 ke. 

Characteristics — The frequency-conver- 
sion process permits r.f. amplification at a 
relatively-low frequency where high selectivity 
can be obtained, and this selectivity is con- 
stant regardless of the signal frequency. Higher 
gain is also possible at the low frequencies used 
for intermediate amplification. The separate 
oscillators can be designed for stability, and 
since the h.f. oscillator is working at a fre- 
quency considerably removed from the signal 
frequency its stability is practically unaf- 
fected by the strength of the incoming signal. 

Images — Each h.f. oscillator frequency 
will cause i.f. response at two signal frequen- 
cies, one higher and one lower than the oscil- 
lator frequency. If the oscillator is set to 7455 
ke. to respond to a 7000-ke. signal, for example, 
it will also respond to a signal on 7910 ke., 
which likewise gives a 455-kc. beat. The un- 
desired signal of the two is called the image. 
When the r.f. circuit is tuned to the desired 
signal frequency, and desired-signal and image 
voltages of equal magnitude are alternately 
applied to the circuit, the ratio of desired- 
signal to image i.f. output is called the signal- 
to-image ratio, or image ratio. 

The image ratio depends upon the selectiv- 
ity of the r.f. tuned circuits preceding the 
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mixer tube. Also, the higher the intermediate 
frequency the higher the image ratio, since 
raising the if. increases the frequency sepa- 
ration between signal and image and thus 
places the latter farther away from the peak 
of the resonance curve (§ 2-10) of the signal- 
frequency circuits. 

Other spurious responses —In addition 
to images, other signals to which the receiver 
is not ostensibly tuned may be heard. Har- 
monics of the high-frequency oscillator may 
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AMPLIFIER Fig. 716 — The basic superhetero- 


dyne arrangement. 


beat with signals far removed from the desired 
frequency to produce output at the inter- 
mediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage and good shielding to prevent 
signal pickup by any means other than the 
antenna. When a strong signal is received, the 
harmonics (§ 2-7) generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
be converted to the intermediate frequency 
to go through the receiver in the same way as 
an ordinary signal. These ‘‘birdies”’ appear as 
a heterodyne beat on the desired signal and 
are principally bothersome when the incoming 
signal is not very greatly different from the 
intermediate frequency. They can be pre- 
vented by proper circuit isolation and shield- 
ing. Harmonics of the beat oscillator also can 
be converted and amplified through the re- 
ceiver in similar fashion; these responses can 
be reduced by shielding the beat oscillator and 
operating it at low output level. 

The double superhet — At high and ultra- 
high frequencies it is difficult to secure an 
adequate image ratio when the intermediate 
frequency is of the order of 455 ke. To reduce 


image response the signal frequently is first 


converted to a rather high intermediate fre- 
quency (1500, 5000, or even 10,000 ke.), and 
then — sometimes after further amplification 
— reconverted to a lower if. where higher ad- 
jacent-channel selectivity can be obtained. Such 
a receiver is called a double superheterodyne. 


@7-9 FREQUENCY CONVERTERS 


Characteristics — The first detector or 
mixer resembles an ordinary detector. A cir- 


cuit tuned to the intermediate frequency is 
placed in the plate circuit of the mixer so that 
the highest possible i.f. voltage will be devel- 
oped. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are by- 
passed to ground since they are not wanted in 
the output. The if. tuned circuit should have 
low impedance for these frequencies, a condi- 
tion easily met if they do not approach the 
intermediate-frequency. 

The conversion efficiency of the mixer is 
measured by the ratio of if. output voltage 
from the plate circuit to r.f. signal voltage 
applied to the grid. High conversion efficiency 
is obviously desirable. The mixer tube noise 
also should be low if a good signal-to-noise 
ratio is wanted, particularly if the mixer is the 
first tube in the receiver. 
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Fig. 717 — Mixer or converter circuits. A, grid in- 
jection with a pentode plate detector; B and C, sepa- 
rate injection circuits for converter tubes. 

Circuit values are as follows: 





Circuit A Circuit B Circuit C 
C1, C2, C3 — 0.01-0.1 fd. 0.01-0.1 yfd. 0.01-0.1 yfd. 
C4 — approx. | wyfd. 50-100 upyfd. 50-100 upfd. 
Ri— 10,000 ohms. 300 ohms. 500 ohms. 
Re— 0.1 megohm. 50,000 ohms. 15,000 ohms. 
R3 — 50,000 ohms. 50,000 ohms., 50,000 ohms. 


Plate voltage should be 250 in all three circuits. If an 
1851 or 1852 is used in Circuit A, Ri should be changed 
to 500 ohms, 
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The mixer should not require too much r.f. 
power from the h-f. oscillator, since it may be 
difficult to supply the power and maintain 
good oscillator stability (§ 3-7). Also, the 
conversion efficiency should not depend too 
critically on the oscillator voltage (that is, a 
small change in oscillator output should not 
change the gain appreciably) since it is diffi- 
cult to maintain constant oscillator output 
over a wide frequency range. 

A change in oscillator frequency caused by 
tuning of the mixer grid circuit is called pull- 
ing. If the mixer and oscillator could be com- 
pletely isolated, mixer tuning would have no 
effect on the oscillator frequency, but in prac- 
tice this is a difficult condition to attain. 
Pulling causes oscillator instability and should 
be minimized, because the stability of the 
whole receiver depends critically upon the 
stability of the h.f. oscillator. The pulling 
effect decreases with the separation between 
the signal and h.f. oscillator frequencies, hence 
is less with high intermediate frequencies and 
greater with low i-f.’s. 

Circuits — Typical frequency-conversion cir- 
cuits are given in Fig. 717. The variations 
are chiefly in the way in which the oscillator 
voltage is introduced. In 717-A, the screen- 
grid pentode functions as a plate detector; the 
oscillator is capacity-coupled to the grid of the 
tube, in parallel with the tuned input circuit. 
Inductive coupling may be used instead. The 
conversion gain and input selectivity are 
generally good so long as the sum of the two 
voltages (signal and oscillator) impressed on 
the mixer grid does not exceed the grid bias. It 
is desirable to make the oscillator voltage as 
high as possible without exceeding this limita- 
tion. The oscillator voltage required is small 
and the power negligible. 

A pentagrid-converter tube is used in the 
circuit at B. Although intended for combina- 
tion oscillator-mixer use, this type of tube 
usually will give more satisfactory performance 
when used in conjunction with a separate os- 
cillator, the output of which is coupled in as 
shown. The circuit gives good conversion 
efficiency, and because of the electron coupling 
gives desirable isolation between the mixer 
and oscillator circuits. A small amount of 
power is required from the oscillator. 

Circuit C is for the 6L7 mixer tube. The 
value of oscillator voltage can vary over a 
considerable range without affecting the con- 
version gain. There are no critical adjustments 
and the oscillator-mixer isolation is good. The 
oscillator must supply somewhat more power 
than in B. 

A more stable receiver generally results, 
particularly at the higher frequencies, when 
separate tubes are used for the mixer and 
oscillator. The same number of circuit com- 
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ponents is required whether or not a combi- 
nation tube is used, so that there is little 
difference from the cost standpoint. 

Tubes for frequency conversion — Any 
sharp cut-off pentode may be used in the 
circuit of Fig. 717-A. The 1851 or 1852 give 
very high conversion gain and an excellent 
signal-to-noise ratio — comparable, in fact, to 
the gain and signal-to-noise ratio obtainable 
with r.f. amplifiers, and in these respects far 
superior to any other tubes used as mixers. 
However, this type of tube loads the circuit 
more (§ 7-6) and thus decreases the selectivity. 

The 6K8 is a good tube for the circuit at 
B; its oscillator plate connection may be ig- 
nored. The 6SA7 also is excellent in this cir- 
cuit, although it has no anode grid (No. 2 grid 
in the diagram). In addition to these two 
types, any pentagrid converter tube may be 
used. 


e7-10 THE HIGH-FREQUENCY 
OSCILLATOR 


Design considerations — Stability of the 
receiver (§ 7-2) is chiefly dependent upon the 
stability of the h.f. oscillator, and particular 
care should be given this part of the receiver. 
The frequency of oscillation should be insensi- 
tive to changes in voltage, loading, and me- 
chanical shock. Thermal effects (slow change 
in frequency because of tube or circuit heating) 
should be minimized. These ends can be at- 
tained by the use of good insulating materials 
and good-quality circuit components, by suit- 
able electrical design, and by careful mechani- 
cal construction. 

In addition, the oscillator must be capable 
of furnishing sufficient r.f. voltage’and power to 
the particular mixer circuit chosen, at all fre- 
quencies within the range of the receiver, and 
its harmonic output should be as low as pos- 
sible to reduce spurious response (§ 7-8). 

It is desirable to make the L/C ratio in the 
oscillator tuned circuit as low as_ possible 
(high-C) since this results in increased stability 
(§ 3-7). Particular care should be taken to 
insure that no part of the oscillator circuit will 
vibrate mechanically. This calls for short leads 
and very “‘solid’? mechanical construction. 
The chassis and panel material should be 
heavy and rigid enough so that pressure on the 
tuning dial will not cause torsion and a shift 
in the frequency. Care in mechanical construc- 
tion is well repaid by increased frequency sta- 
bility. 

Circuits — Several oscillator circuits are 
shown in Fig. 718. The point at which output 
voltage is taken for the mixer is indicated by 
the ‘X” or ‘“Y” in each case. A and B will 
give about the same results, and require only 


one coil. However, in these two circuits the- 


cathode is above ground potential for r.f., 
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which often is a cause of hum modulation of 
the oscillator output at 14 Me. and higher 
frequencies when 6.3-volt heater tubes are 
used. Hum is usually not bothersome with 
2.5-volt tubes, nor, of course, with tubes 
which are heated by direct current. The circuit 
of 718-C overcomes hum with 6.3-volt tubes 
since the cathode is grounded. The two coils 
are advantageous in construction since the 
feedback adjustment (number of turns on Lg) 
is simple mechanically. 

Besides the use of a fairly high C’/Z ratio in 
the tuned circuit, it is necessary to adjust the 


A 








Fig. 718 — High-frequency oscillator circuits. A, 
screen-grid grounded-plate oscillator; B, triode grounded- 
plate oscillator; C, triode, tickler circuit. Coupling to 
mixer may be taken from points X and Y. In A and B, 
coupling from Y will reduce pulling effects, but gives 
less voltage than from X; this type of coupling is there- 
fore best adapted to those mixer circuits with small oscil- 
lator-voltage requirements. 

Typical values are as follows: 





Circuit A Circuit B Circuit C 
ci— 100 pyufd. 100 pufd. 100 pyfd. 
Ce— 0.1 wfd. 0.1 pufd. 0.1 pfd. 

C3 — 0.1 pfd. 

Ri— 50,000 ohms. 50,000 ohms. 50,000 ohms. 

Re— 50,000 ohms. 10,000 to 10,000 to 
25,000 ohms. 25,000 ohms. 


The “B”’ supply voltage should be 250 volts. In cir- 
cuits B and C,* Re is for the purpose of dropping the 
supply voltage to 100-150 volts; it may be omitted if 
this voltage is taken from a voltage divider in the power 
supply (§ 8-10). 


feedback to obtain optimum results. Too much 
feedback will cause the oscillator to ‘‘squeg,”’ 
or operate at several frequencies simultane- 
ously (§ 7-4); too little feedback will cause the 
output to be low. In the tapped-coil circuits 
(A, B) the feedback is increased by moving the 
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Fig. 719 — Converter circuit tracking methods. Ap- 
proximate circuit values for 450- to 465-ke. intermedi- 
ates with tuning ranges of approximately 2.15-to-1, 
Ci and C2 having a maximum of 140 yyufd. and the total 
minimum capacitance, including Cz or C4, being 30 to 
35 upfd. 


Tuning Range li - Cs 





50 uh. 
14 uh. 
3.5 uh. 
0.8 uh. 


0.0013 pufd. 
0.0022 ufd. 
0.0045 ufd. 


None used 





Approximate values for 450- to 465-ke. if. with a 
2.5-to-1 tuning range, Ci and Ce being 350-yufd. maxi- 
mum, minimum capacitance including C3 and C4 being 


40 to 50 pytd. 


Tuning Range li 





0.5-1.5 Me. | 240 wh. 
32 uh. 
4.5 uh. 


0.8 uh. 


425 utd. 
0.00115 ufd. 
0.0028 ufd. 


None used 


1.5-4 Me. 
4-10 Me. 
10-25 Me. 
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tap toward the grid end of the coil; in C, by 
increasing the number of turns on Le or by 
moving Le. closer to Ly. 

The oscillator plate voltage should be as low 
as is consistent with adequate output. Low 
plate voltage will reduce tube heating and 
thereby reduce frequency drift. The oscillator 
and mixer circuits should be well isolated, 
preferably by shielding, since coupling other 
than by the means intended will often result 
in pulling. 

To avoid changes in plate voltage which 
may cause the oscillator frequency to change, 
it is good practice to regulate the plate supply 
by means of a gaseous voltage regulator tube 
(§ 8-8). 

Tracking — For ganged tuning there must 
be a constant difference in frequency between 
the oscillator and mixer circuits. This differ- 
ence is equal to the intermediate frequency 
(§ 7-8). 

. Tracking methods for covering a_ wide 

frequency range, suitable for general-coverage 
receivers, are shown in Fig. 719. The track- 
ing capacity Cs commonly consists of two 
condensers in parallel, a fixed one of some- 
what less capacity than the value needed 
and a smaller variable in parallel to allow for 
adjustment to the exact proper value. In prac- 
tice, the trimmer C, is first set for the high- 
frequency end of the tuning range and then 
the tracking condenser is set for the low- 
frequency end. The tracking capacity becomes 
larger as the percentage difference between 
the oscillator and signal frequencies becomes 
smaller (that is, as the signal frequency be- 
comes higher). Typical circuit values are given 
in the accompanying table. 

In amateur-band receivers tracking is sim- 
plified by choosing a band-spread circuit which 
gives practically straight-line-frequency tun- 
ing (equal frequency change for each dial divi- 
sion) and then adjusting the oscillator and 
mixer tuned circuits so that both cover the 
same total number of kilocycles. For example, 
if the if. is 455 ke. and the mixer circuit tunes 
from 7000 to 7300 ke. between two given points 
on the dial, then the oscillator must tune from 
7455 to 7755 ke. between the same two dial 
readings. With the band-spread arrangement 
of Fig. 712-C the tuning will be practically 
straight-line frequency if the capacity actually 
in use at Cy is not too small; the same is true 
of 712-A if Cy is small compared to C9. 


@7-11 THE INTERMEDIATE FRE- 
; QUENCY AMPLIFIER 


Choice of frequency — The selection of an 
intermediate frequency is a compromise be- 
tween various conflicting factors. The lower 
the i.f., the higher the selectivity and gain, but 
a low if. brings the image nearer the desired 
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signal and hence decreases the image ratio 
(§ 7-8). A low if. also increases pulling of the 
oscillator frequency (§ 7-9). On the other hand, 
a high i.f. is beneficial to both image ratio and 
pulling, but the selectivity and gain are low- 
ered. The difference in gain is least important. 

An if. of the order of 455 ke. gives good se- 
lectivity and is satisfactory from the stand- 
point of image ratio and oscillator pulling at 
frequencies up to 7 Mc. The image ratio is 
poor at 14 Mc. when the mixer is connected 
to the antenna, but adequate when there is 
a tuned r.f. amplifier between antenna and 
mixer. At 28 Me. and the ultra-high frequen- 
cies the image ratio is very poor unless several 
r.f. stages are used. Above 14 Mc. pulling is 
likely to be bad unless very loose coupling can 
be used between mixer and oscillator. 

With an if. of about 1600 kc., satisfactory 
image ratios can be secured on 14, 28 and 56 
Mce., and pulling can be reduced to negligible 
proportions. However, the if. selectivity is 
considerably lower, so that more tuned cir- 
cuits must be used to increase the selectivity. 
For ultra-high frequencies, including 28 Mc., 
the best solution is to use a double superhet 
(§ 7-8), choosing one if. for image reduction 
(5 and 10 Me. are frequently used) and the 
second for gain and selectivity. 

In choosing an if. it is wise to avoid fre- 
quencies on which there is considerable activ- 
ity by the various radio services, since such 
signals may be picked up directly on the if. 
wiring. The frequencies mentioned are fairly 
free of such interference. 

Circuits — I.f. ampifiers usually consist of 
one or two stages. Two stages at 455 ke. will 
give all the gain usable, in view of the mini- 
mum receiver noise level, and also give suit- 
able selectivity for good-quality ’phone re- 
ception (§ 7-2). 

A typical circuit arrangement is shown in 
Fig. 720. A second stage would simply dupli- 
cate the circuit of the first. In principle, the 
if. amplifier is the same as the tuned r.f. 
amplifier (§ 7-6). However, since a fixed fre- 
quency is used the primary as well as the 
secondary of the coupling transformer is tuned, 
giving higher selectivity than is obtainable with 
a closely-coupled untuned primary. The cath- 
ode resistor, Ri, is connected to a gain control 
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circuit of the type previously described (§ 7-6); 
usually both stages, if two are used, are con- 
trolled by a single variable resistor. The de- 
coupling resistor, Rs (§ 2-11), helps isolate the 
amplifier and thus prevent stray feedback. 
Cy and R4 are part of the automatic volume 
control circuit (§ 7-13); if no a.v.c. is used the 
lower end of the if. transformer secondary is 
simply connected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor (Re) as shown, the 
screens being connected in parallel, or from a 
voltage divider (§ 8-10) across the plate sup- 
ply. Separate screen dropping resistors are 
preferable for preventing undesired coupling 
between stages. 

When two stages are used the high gain will 
tend to cause instability and oscillation, so 
that good shielding, by-passing and careful 
circuit arrangement to prevent stray coupling, 
with exposed r.f. leads well separated, is 
necessary. 

I.F. transformers — The tuned circuits of 
if. amplifiers are built up as transformer units 
consisting of a shielding container in which the 
coils and tuning condensers are mounted. 
Both air-core and powdered-iron-core uni- 
versal-wound coils are used, the latter having 
somewhat higher Q’s and, hence, greater 
selectivity and gain per unit. 

Variable tuning condensers are of the midget 
type, air-dielectric condensers being preferable 
because their capacity is practically unaffected 
by changes in temperature and humidity. 
Tron-core transformers may be tuned by vary- 
ing the inductance (permeability tuning) in 
which case stability comparable to that of 
variable air-condenser tuning can be obtained 
by use of high-stability fixed mica condensers. 
Such stability is of great importance, since a 
circuit whose frequency ‘‘drifts’’ with time 
will eventually be tuned to a different fre- 
quency than the other circuits and thereby 
reduce the gain and selectivity of the amplifier. 

Besides the type of if. transformer shown in 
Fig. 720, special units to give desired selectivity 
characteristics are available. For higher than 
ordinary adjacent channel selectivity (§ 7-2) 
triple-tuned transformers, with a third tuned 
circuit inserted between the input and output 


Fig. 720 — Intermediate-fre- 
quency amplifier circuit. Typical 
values are as follows: 

Ci — 0.1 pfd. at 455 ke.; 0.01 ufd. 
at 1600 ke. and higher. 

Cz — 0.01 ufd. 

Cs, C4, C5 —0.1 yfd. at 455 ke.; 
0.01 ufd. at 1600 ke. and 
higher. 

Ri — 300 ohms. 

Re — 0.1 megohm. 

Rs — 2000 ohms. 

Ra — 0.25 megohm. 


windings, are used. The energy is transferred 
from the input to the output windings via this 
tertiary winding, thus adding its selectivity to 
the overall selectivity of the transformer. 
Variable-selectivity transformers also can be 
obtained, these usually being provided with a 
third (untuned) winding which can be con- 
nected to a resistor, thereby loading the tuned 
circuits and decreasing the Q and selectivity 
(§ 2:-10) to broaden the selectivity curve. The 
variation in selectivity is brought about by 
switching the resistor in and out of the circuit. 
Another method is to vary the coupling be- 
tween primary and secondary, overcoupling 
being used to broaden the selectivity curve, 
undercoupling to sharpen it (§ 2-11). 

Selectivity — The overall selectivity of the 
i.f. amplifier will depend on the frequency and 
the number of stages. The following figures are 
indicative of the band-widths to be expected 
with good-quality transformers, with construc- 
tion in which regeneration is kept to a mini- 
mum: 

Band Width, ke. 


Intermediate 2times 10 times 100 times 
Frequency down down down 
One stage 455 ke. (air core)... 8.7 17.8 32.3 
One stage 455 ke. (iron core).. 4.3 10.3 20.4 
Two stage 455 ke. (iron core).. 2.9 6.4 10.8 
Two stage 1600 ke........... 11.0 16.6 27.4 
Two stage 5000 ke........... 25.8 46.0 100.0 


Tubes for I.F. amplifiers — Variable-y pen- 
todes (§ 3-5) are almost invariably used in if. 
amplifier stages, since grid-bias gain control 
(§ 7-6) is practically always applied to the if. 
amplifier. Tubes with high plate resistance will 
have least effect on the selectivity of the ampli- 
fier, and those with high mutual conductance 
will give greatest gain. The choice of i-f. tubes 
will have practically no effect on the signal-to- 
noise ratio, since this will have been deter- 
mined by the preceding mixer and r.f. amplifier 
(if used). 

If single-ended tubes are used, care should 
be taken to keep the plate and grid leads well 
separated. With these tubes it is advisable to 
mount the screen by-pass condenser directly 
on the bottom of the socket crosswise between 
the plate and grid pins to provide additional 
shielding, making sure that the outside foil of 
the condenser is connected to ground. 

Single-signal effect — In heterodyne c.w. 
reception with a superhet receiver the beat 
oscillator is set to give a suitable audio-fre- 
quency beat note when the incoming signal is 
converted to the intermediate frequency. For 
example, the beat oscillator may be set to 456 
ke. (the if. being 455 ke.) to give a 1000-cycle 
beat note. Now if an interfering signal appears 
at 457 ke., it also will be heterodyned by the 
beat oscillator to produce a 1000-cycle beat. 
This audio-frequency image corresponds to 
the high-frequency images already discussed 
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(§ 7-8) and can be reduced by providing 
enough selectivity since the image signal is off 
the peak of the i.f. resonance curve. 

When this is done, tuning through a given 
signal will show a strong response at the de- 
sired beat tone on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat which are characteristic of less selec- 
tive reception, hence the name “‘single signal” 
reception. 

The necessary selectivity is difficult to obtain 
with non-regenerative amplifiers employing 
ordinary tuned circuits unless a very low inter- 
mediate frequency or a large number of circuits 
is used. In practice it is secured either by re- 
generative amplification or by the use of a 
crystal filter. 

Regeneration — Regeneration can be used 
to give a° pronounced single-signal effect, par- 
ticularly when the i.f. is 455 ke. or lower. The 
resonance curve of an i.f. stage at critical re- 
generation (just below the oscillating point) 
is extremely sharp, a band width of 1 ke. at 10 
times down and 5 ke. at 100 times down being 
readily obtainable in one stage. The audio- 
frequency image of a given signal can thus be 
reduced by a factor of nearly 100 for a 1000- 
cycle beat note (image 2000 cycles from 
resonance). 

Regeneration is easily introduced in an if. 
amplifier by providing a small amount of 
capacity coupling between grid and plate 
(bringing a short length of wire, connected to 
the grid, into the vicinity of the plate lead, 
usually will suffice) and may be controlled by 
the regular cathode-resistor gain control. When 


‘the if. is regenerative, it is usually preferable 


to operate the tube at reduced gain (high bias) 
and depend upon the regeneration to bring the 
signal strength back to normal. This prevents 
overloading on strong signals and thereby 
increases the effective selectivity. 

The higher selectivity with regeneration re- 
duces the response to noise generated in the 
earlier stages of the receiver, just as in the case 
of high selectivity produced by other means, 
and therefore improves the signal-to-noise 
ratio. The disadvantage is that the regenera- 
tive gain varies with the signal strength, being 
less on strong signals, and the selectivity varies 
accordingly. 

Crystal filters— The most satisfactory 
method of obtaining high selectivity is by the 
use of a piezo-electric quartz crystal as a selec- 
tive filter in the if. amplifier (§ 2-10). Com- 
pared to a good tuned circuit, the Q of such a 
crystal is extremely high. The dimensions of 
the crystal are made such that it is resonant at 
the desired intermediate frequency, and it is 
then used as a selective coupler between i-f. 
stages. 

Fig. 721 gives a typical crystal-filter reso- 
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Fig. 721 — Graphical representation of single-signal 
selectivity. The shaded area indicates the region in 
which response is obtainable. 


nance curve. For single-signal reception the 
audio-frequency image can be reduced by a 
factor of 1000 or more. Besides practically 
eliminating the a.f. image, the high selectivity 
of the crystal filter provides great discrimina- 
tion against signals very close to the desired 
signal in frequency, and, by reducing the band 
width, reduces the response of the receiver to 
noise both from sources external to the receiver 
and in the r.f. stages of the receiver itself. 

Crystal-filter circuits; phasing — Several 
erystal-filter circuits are shown in Fig. 722. 
Those at A and B are practically identical in 
performance, although differing in details. The 
crystal is connected in a bridge circuit (§ 2-11) 
with the secondary side of 71, the input trans- 
former, balanced to ground either through a 
pair of condensers, C-C, (A) or by a center-tap 
on the secondary, Le (B). The bridge is com- 
pleted by the crystal X, and the phasing con- 
denser, Co, which has a maximum capacity 
somewhat higher than the capacity of the 
crystal in its holder. When C% is set to balance 
the crystal-holder capacity the resonance curve 
of the crystal circuit is practically symmetrical; 
the crystal acts as a series-resonant circuit of 
very high Q and thus allows signals of the de- 
sired frequency to be fed through C3 to LL, 
the output transformer. Without C2 the holder 
capacity (with the crystal acting as a dielectric) 
would by-pass signals of undesired frequencies 
to the output circuit. 

The phasing control has an additional func- 
tion besides neutralization of the crystal-holder 
capacity. The holder capacity becomes a part 
of the crystal circuit and causes it to act as a 
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parallel-tuned resonant circuit at a frequency 
slightly higher than its series-resonant fre- 
quency. Signals at the parallel-resonant fre- 
quency are thus prevented from reaching the 
output circuit. The phasing control, by varying 
the effect of the holder capacity, permits shift- 
ing the parallel-resonant frequency over a con- 
siderable range, thus providing adjustable 
rejection of interfering signals. The effect of 
rejection is illustrated in Fig. 721, where the 
audio image is reduced far below the value that 
would be expected if the resonance curve were 
symmetrical. 

Variable selectivity — In circuits such as A 
and B, Fig. 722, variable selectivity is obtained 
by adjustment of the variable input imped- 
ance, which is effectively in series with the 
crystal resonator. ‘This is accomplished by 








Fig. 722 — Crystal filter circuits of three types. All 
give variable band-width, with C having the greatest 
range of selectivity. Their operation is discussed in the 
text. Suitable circuit values are as follows: Circuit A, Ti, 
special if. input transformer with high-inductance pri- 
mary, Li, closely coupled to tuned secondary, L2; Ci, 
50-uufd. variable; C, each 100-yyfd. fixed (mica); Ce, 
10- to 15-yufd. (max.) variable; C3, 50-uyfd. trimmer; 
LsC4, i.f. tuned circuit, with Lg tapped to match crystal- 
circuit impedance. In Circuit B, Ti is the same as in 
Circuit A except that the secondary is center-tapped; 
Ci is 100-uufd. variable; C2, C3 and C4 same as for Circuit 
A; LgLa is a transformer with primary, La, corresponding 
to tap on Lg in A. Im Circuit C, Ti is a special if. 
input transformer with tuned primary and low-im- 
pedance secondary; C, each 100-yufd. fixed (mica); C2, 
opposed-stator phasing condenser, app. 8 uyfd. maxi- 
mum capacity each side; L3Cs, high-Q i.f. tuned circuit; 
R, 0 to 3000 ohms (selectivity control). 


varying Ci (the selectivity control) which tunes 
the balanced secondary circuit of T1. When 
the secondary is tuned to if. resonance, the 
parallel impedance of the LeC, combination is 
maximum and is purely resistive (§ 2-10). 
Since the secondary circuit is center-tapped, 
approximately one-fourth of this resistive 
impedance is in series with the crystal through 
C3 and Ly. This lowers the Q of the crystal 
circuit and makes its selectivity minimum. At 
the same time, the voltage applied to the 
erystal circuit is maximum. 

When the input circuit is detuned from the 
crystal resonant frequency, the resistance 
component of the input impedance decreases, 
and so does the total parallel impedance. Ac- 
cordingly, the selectivity of the crystal circuit 
becomes higher and the applied voltage falls 
off. At first the resistance decreases faster than 
the applied voltage, with the result that at 
first the c.w. output from the filter increases 
as the selectivity is increased. The output then 
falls off gradually as the input circuit is de- 
tuned farther from resonance and the selectiv- 
ity becomes still higher. 

In the circuits of A and B, Fig. 722, the 
minimum selectivity is still much greater than 
that of a normal two-stage 455-ke. amplifier, 
and it is desirable to provide a wider range of 
selectivity, particularly for ’phone reception. 
A circuit which does this is shown at Fig. 
722-C. The principle of operation is similar, 
but a much higher value of resistance can be 
introduced in the crystal circuit to reduce the 
selectivity. The output tuned circuit L3Cs3 
must have high Q. A compensated condenser is 
used at Ce (phasing) to maintain circuit bal- 
ance, so that the phasing control does not af- 
fect the resonant frequency. The output circuit 
functions as a voltage divider in such a way 
that the amplitude of the carrier delivered to 
the next grid does not vary appreciably with 
the selectivity setting. The variable resistor, 
R, may consist of a series of separate fixed 
resistors selected by a tap switch. 


@7-12 THE SECOND DETECTOR AND 
BEAT OSCILLATOR 


Detector circuits — The second detector of 
a superhet receiver performs the same function 
as the detector in the simple receiver, but usu- 
ally operates at a higher input level because of 
the relatively great r.f. amplification. There- 
fore the ability to handle large signals without 
distortion is preferable to high sensitivity. 
Plate detection is used to some extent, but the 
diode detector is most popular. It is especially 
adapted to furnishing automatic gain or vol- 
ume control (§ 7-13), which gives it an addi- 
tional advantage. The basic circuits are as 
described in § 7-3, although in many cases the 
diode elements are incorporated in a multi- 
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purpose tube which also has an amplifier 
section. 

The beat oscillator — Any standard oscilla- 
tor circuit (§ 38-7) may be used for the beat 
oscillator. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most 
conveniently used with circuits such as those 
shown at Fig. 718-A and -B, with the output 
taken from “‘Y.”’ A variable condenser of about 
25 uufd. capacity often is connected between 
cathode and ground to provide fine adjustment 
of the beat frequency. The beat oscillator usu- 
ally is coupled to the second detector tuned 
circuit through a fixed condenser of a few 

ppfd. capacity. 

The beat oscillator should be well dialded to 
prevent coupling to any part of the circuit 
except the second detector, and to prevent its 
harmonics from getting into the front end of 
the receiver and being amplified like regular 
signals. To this end, the plate voltage should 
be as low as is consistent with sufficient audio 
output. If the beat-oscillator output is too 
low, strong signals will not give a proportion- 
ately strong audio response. 

A regenerative second detector may be used 
to give the audio beat note, but since the 
detector must be detuned from the if. the 
selectivity and signal strength are reduced, 
while blocking (§ 7-4) is pronounced be- 
cause of the high signal level at the second 
detector. 


@7-13 AUTOMATIC VOLUME CONTROL 


Principles — Automatic regulation of the 
gain of the receiver in inverse proportion to the 
signal strength is a great advantage, especially 
in ’phone reception, since it tends to keep the 
output level of the receiver constant regardless 
of input signal strength. It is readily accom- 
plished in the superheterodyne by using the 
average rectified d.c. voltage developed by the 
received signal across a resistance in a detector 
circuit (§ 7-3) to vary the bias on the r.f. and 
if. amplifier tubes. Since this voltage is propor- 
tional to the average amplitude of the signal, 
the gain is reduced as the signal strength is 
greater. The control will be more complete as 
the number of stages to which the a.v.c. bias 
is applied is greater. Control of at least two 
stages is advisable. 

Circuits — A typical circuit of a diode-triode 
type tube used as a combined a.v.c. rectifier, 
detector and first audio amplifier is shown in 
Fig. 723. One plate of the diode section of the 
tube is used for signal detection and the other 
for a.v.c. rectification. The a.v.c. diode plate 
is fed from the detector diode through the 
small coupling condenser, C3. Negative bias 
resulting from the flow of rectified carrier 
current is developed across Ry, the diode 
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Fig. 723 — Second-detector and first audio circuit 
with a.v.c., using duo-diode-triode tube. 
Ri — 0.25 megohm. 
Re — 50,000 to 250,000 ohms. 
Rs — 2000 ohms. 
R4— 2 to 5 megohms. 
Rs — 0.5 to 1 megohm. 


Re, R7, Rs — 0.25 megohm. EE oak 


Ro — 0.25 megohm. 
Rio — 0.5-megohm volume con- 


trol. 
Ci, C2, Cs — 100 upfd. Cr 
C4 —0.1 pfd. ae 
Cs, Ce, C7 — 0.01 pfd. = 
Cs, Co — 0.01 to 0.1 ufd. 
Cio — 5- to 10-ufd. electrolytic. 
Cu — 250 uptd. 


load resistor. This negative bias is applied 
to the grids of the controlled stages through 
the filtering resistors (§ 2-11) Rs, Rs, Ry 
and Rs. 

It does not matter which of the two diode 
plates is selected for audio and which for a.v.e. 
Frequently the two plates are connected to- 
gether and used as a combined detector-a.v.c. 
rectifier. This could be done in Fig. 723. The 
a.v.c. filter and line would connect to the 
junction of R, and C2, while C3 and Ry would 
be omitted from the circuit. 

When 8; is closed the a.v.c. line is grounded, 
thereby removing the a.v.c bias from the 
amplifier stages. 

Delayed a.v.c. — In Fig. 723 the audio diode 
return is made directly to the cathode and 
the a.v.c. diode return to ground. This places 
negative bias on the a.v.c. diode equal to the 
d.c. drop through the cathode resistor (a volt 
or two) and thus delays the application of 
a.v.c. voltage to the amplifier grids, since no 
rectification takes place in the a.v.c. diode cir- 
cuit until the carrier amplitude is large enough 
to overcome the bias. Without this delay, the 
a.v.c. would start working even with a very 
small signal. This is undesirable because the 
full amplification of the receiver then cannot 
be realized on weak signals. In the audio diode 
circuit this fixed bias would cause distortion 
and must be avoided, hence the return is made 
directly to the cathode. 

Time constant — The time constant (§ 2-6) 
of the resistor-condenser combinations in the 
a.v.c. circuit is an important part of the sys- 
tem. It must be high enough so that the modu- 
lation on the signal is completely filtered from 
the d.c. output, leaving only an average d.c. 
component which follows the relatively slow 
carrier variations with fading; audio-frequency 
variations in the a.v.c. voltage applied to the 
amplifier grids would reduce the percentage of 
modulation on the incoming signal and in the 
practical case would cause frequency distor- 
tion. On the other hand, the time constant 
should not be too great since the a.v.c. then 
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would be unable to follow rapid fading. The 
values indicated are satisfactory for high- 
frequency reception. 

Signal strength and tuning indicators — 
A useful accessory to the receiver is an indi- 
cator which will show relative signal strength. 
Not only is it an aid in giving reports, but it 
also is helpful in aligning the receiver circuits, 
in conjunction with a test oscillator or other 
steady signal. 

Three types of indicators are shown in Fig. 
724, That at A uses an electron-ray tube, sev- 
eral types of which are available. The grid of 
the triode section is usually connected to the 
a.v.c. line. The particular type of tube to use 
will depend upon the voltage available for its 
grid; where the a.v.c. voltage is relatively large, 
a remote-cutoff type tube such as the 6G5 or 
6N5 should be used in preference to the sharp- 
cutoff type (6E5). 

In B, a milliammeter is connected in series 
with the d.c. plate lead to one or more r.f. and 
if. tubes whose grids are controlled by a.v.c. 
Since the plate current of such tubes varies 
with the strength of the incoming signal, the 
meter will indicate relative signal intensity 
and may be calibrated in ‘‘S” points. The 
scale range of the meter should be chosen to 
fit the number of tubes in use; the maximum 
plate current of the average remote-cutoff r.f. 
pentode is from 7 to 10 milliamperes. The 
shunt resistor R enables setting the plate cur- 
rent to the full-scale value (‘‘zere adjust- 
ment’’). With this system the ordinary meter 
reads downwards from full scale with increas- 
ing signal strength, which is the reverse of 
normal pointer movement (clockwise with 
increasing reading). Special instruments. with 
the zero-current position of the pointer at the 
right-hand side of the scale are used in com- 
mercial receivers. 

The system at C uses a 0-1 milliammeter in 
a bridge circuit arranged so that the meter 
reading and signal strength increase together. 
The current through the branch containing R, 
should be approximately equal to the current 


through that containing Re. In some manufac- 
tured receivers this is brought about by drain- 
ing the screen voltage-divider current and the 
current to the screens of three r.f. pentodes (r.f. 
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Fig. 724— Tuning indicator or “S”-meter circuits 
for superhet receivers. A, electron-ray indicator; B, 
plate-current meter for tubes on a.v.c.; C, bridge circuit 
for a.v.c. controlled tube. In B, resistor R should have a 
maximum resistance several times that of the milli- 
ammeter. In C, representative values are: Ri, 250 


ohms; Re, 350 ohms; Rs3, 1000-ohm variable. 


and if. stages) through Re, the sum of these 
currents being about equal to the maximum 
plate current of one a.v.c. controlled tube. 
Typical values for this type of circuit are given. 
The sensitivity can be increased by making 
Ri, Re and Fz larger. The initial setting is made 
with the manual gain control set near maxi- 
mum, when #3 should be adjusted to make the 
meter reading zero with no signal. 


@7-14 PRESELECTION 


Purpose — Preselection is added signal-fre- 
quency selectivity before the mixer stage is 
reached. An r.f. amplifier preceding the mixer 
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is generally called a preselector, its purpose, in 
part at least, being to discriminate in favor of 
the signal against the image. The preselector 
may consist of one or more r.f. amplifier stages. 
When its tuning is ganged with that of the 
mixer and oscillator, its circuits must track 
with the mixer circuit. 

The circuit is the same as discussed earlier 
(§ 7-6). An external preselector stage may be 
used with receivers having inadequate image 
ratios, in which case it is built as a separate 
unit, often with a tuned output circuit which 
gives a further improvement in selectivity. 
The output circuit usually is link-coupled 
(§ 2-11) to the receiver. 

Signal/noise ratio — An r.f. amplifier will 
have a better signal-to-noise ratio (§$7-2) than a 
mixer because the gain is higher and because 
the mixer electrode arrangement results in 
higher internal tube noise than does the ordi- 
nary pentode structure. Hence a preselector is 
advantageous in increasing the signal-to-noise 
ratio over that obtainable when the mixer is 
fed directly from the antenna. 

Image suppression— The image ratios 
(§ 7-8) obtainable at frequencies up to and 
including 7 Me. with a single preselector stage 
are high enough, when the intermediate fre- 
quency is 455 ke., so that for all practical pur- 
poses there is no appreciable image response. 
Average image ratios on 14 Me. and 28 Me. are 
50-75 and 10-15, respectively. This is the over- 
all selectivity of the r.f. and mixer tuned cir- 
cuits. A second -preselector stage, adding one 
more tuned circuit, will increase the ratios to 
several hundred at 14 Me. and to 30 or 40 at 
28 Me. 

On ultra-high frequencies it is impracticable 
to attempt to secure a good image ratio with a 
455-ke. if. Good performance in this respect 
can be secured only by using a high-frequency 
if. or by using a double superhet (§ 7-8) with a 
high-frequency first i.f. 

Regeneration — Regeneration may be used 
in a preselector stage to increase both gain and 
selectivity. Since this makes tuning more 
critical and increases ganging problems, regen- 
eration is seldom used except at 14 Mc. and 
above where adequate image suppression is 
dificult to obtain with non-regenerative cir- 
cuits. The same disadvantages exist as in the 
case of a regenerative if. amplifier (§ 7-11). 
The effect of regeneration is roughly equivalent 
to the addition of another non-regenerative 
preselector stage. 

The regeneration may be introduced by the 
same method used in regenerative i.f. ampli- 
fiers (§ 7-11). The manual gain control of the 
stage will serve as a volume control. 

Regeneration does not improve the signal- 
to-noise ratio, since the tube noise is fed back 
to the grid circuit along with the signal to add 
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Fig. 725 — Audio output limiting circuits. 


Ci — 0.25 ufd. Re — 2000 ohms. 
C2— 0.01 pfd. 
C3 — 5 pfd. T — Output transformer. 


Ri — 0.5 megohm. 


to the thermal agitation noise originally pres- 
ent. The latter noise also is amplified. 


@7-15 NOISE REDUCTION 


Types of noise — In addition to tube and 
circuit noise (§ 7-6) much of the noise inter- 
ference experienced in reception of amateur 
signals is caused by domestic electrical equip- 
ment and automobile ignition systems. The 
interference is of two types in its effects. The 
first is of the ‘‘hiss”’ type consisting of over- 
lapping pulses, similar in nature to the receiver 
noise. It is largely reduced by high selectivity 
in the receiver, especially for code reception. 
The second is the ‘‘pistol shot”’ or ‘‘machine 
gun”’ type, consisting of separated impulses of 
high amplitude. The “hiss” type of interfer- 
ence is usually caused by commutator sparking 
in d.c. and series a.c. motors, while the ‘‘shot”’ 
type results from separated spark discharges 
(a.c. power leaks, switch and key clicks, igni- 
tion sparks, and the like). 

Impulse noise — Impulse noise, because of 
the extremely short duration of the pulses as 
compared to the time between them, must have 
high pulse amplitude to give much average 
energy. Hence noise of this type strong enough 
to cause much interference generally has an 
instantaneous amplitude much higher than 
that of the signal being received. The general 
principle of devices intended to reduce such 
noise is that of allowing the signal amplitude 
to pass through the receiver unaffected, but 
making the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared to its time of 
duration the more successful the noise-reducing 
device, since more of the energy in the pulse 
can be suppressed. 

In passing through selective receiver circuits 
the time duration of the impulses is increased 
because of the Q or flywheel effect (§ 2-10) of 
the circuits. Hence the greater the selectivity 
ahead of the noise-reducing device the more 
difficult it becomes to secure good noise 
suppression. 

Audio limiting — A considerable degree of 
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Rs — 50,000-ohm potentiometer. 


Li — 15-henry choke 


noise reduction in code 
reception can be accom- 
plished by amplitude lim- 
iting arrangements ap- 
plied to the audio output 
circuit of a receiver. Such 
limiters also maintain the 
signal output nearly con- 
stant with fading. Dia- 
grams of typical output 
limiter circuits are shown 
in Fig. 725. Circuit A em- 
ploys a triode tube op- 
erated at reduced plate 
voltage (approximately 10 
volts) so that it saturates at a low signal 
level. The arrangement of B has better limit- 
ing characteristics. A pentode audio tube is 
operated at reduced screen voltage (35 volts or 
so) so that the output power remains prac- 
tically constant over a grid excitation voltage 
range of more than 100 to 1. These output 
limiter systems are simple and adaptable to 
nearly all receivers. However, they cannot pre- 
vent noise peaks from overloading previous 
circuits. 

Second detector circuits — The circuit of 
Fig. 726 ‘‘chops” noise peaks at the second 
detector of a superhet receiver by means of a 
biased diode which becomes non-conducting 
above a predetermined signal level. The audio 
output of the detector must pass through the 
diode to the grid of the amplifier tube. The 
diode would normally be non-conducting with 
the connections shown were it not for the fact 
that it is given positive bias from a 30-volt 
source through the adjustable potentiometer 
Rs. Resistors 2; and Reg must be fairly large in 
value to prevent loss of audio signal. 

The audio signal from the detector can be 
considered to modulate (§ 5-1) the steady 
diode current, and conduction will take place 
so long as the diode plate is positive with re- 
spect to the cathode. When the signal is suffi- 
ciently large to swing the cathode positive with 
respect to the plate, however, conduction 
ceases and that portion of the signal is cut off 
from the audio amplifier. The point at which 
cut-off occurs can be selected by adjustment of 
R3. By setting R3 so that the signal just passes 
through the ‘‘valve,’’ noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig. 726-A, using an infinite-imped- 
ance detector (§ 7-3) gives a positive voltage 
on rectification. When the rectified voltage is 
negative, as from the usual diode detector 
(§ 7-3) a different circuit arrangement, shown 
in Fig. 726-B, is required. 

An audio signal of about ten volts is required 
for good limiting action. When a beat oscillator 
is used for c.w. reception the b.f.o. voltage 
should be small so that incoming noise will not 
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have a strong carrier to beat against and pro- 
duce large audio output. 

A second-detector noise limiting circuit 
which automatically adjusts itself to the re- 
ceived carrier level is shown in Fig. 727. The 
diode load circuit (§ 7-3) consists of sg, 7, Rg 
(shunted by the high-resistance audio volume 
control, R4) and Rs in series. The cathode of 
the 6N7 noise-limiter is tapped on the load 
resistor at a point such that the average recti- 
fied carrier voltage (negative) at its grid is 
approximately twice the negative voltage at 
the cathode, both measured with reference to 
ground. A filter network, R1Cj, is inserted in 
the grid circuit so that the audio modulation 
on the carrier does not reach the grid, hence 
the grid potential is maintained at substan- 
tially the rectified carrier voltage alone. The 
cathode, however, is free to follow the modula- 
tion, and when the modulation is 100% the 
peak cathode voltage will just equal the steady 
grid voltage. 

At all modulation percentages below 100% 
the grid is negative with respect to cathode 
and current cannot flow in the 6N7 plate- 
cathode circuit. A noise pulse exceeding the 
peak voltage which represents 100% modula- 
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Fig. 726 — The series-valve noise-limiter circuit. A, 
with an infinite-impedance detector; B, with diode 
detector. Values are as follows: 

Ri — 0.25 megohm. 
Rz — 50,000 ohms. 
Rz3 — 10,000-ohm potentiometer. 
Ra — 20,000 to 50,000 ohms. 
Ci — 250 upfd. 
Ce, C3 — 0.1 pfd. 
Diode circuit constants in B are conventional. 
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Fig. 727 — Automatic noise limiting circuit for super- 
het receivers. 
T—L.f. transformer with balanced 
working into diode rectifier. 
Ri, Re, R3 — 1 megohm. 
R4— 1-megohm volume control. 
Rs — 250,000 ohms. 
Re, Rs — 100,000 ohms. 
R7z — 25,000 ohms. 
Ci — 0.1-ufd. paper. 
Ce, Cg — 0.05-ufd. paper. 
Ca, C5 — 50-uyfd. mica. 
Ce — 0.001-xzfd. mica (for r.f. filtering, if needed). 
Sw — S.p.s.t. toggle (on-off switch). 
The switch should be mounted close to the circuit ele- 
ments and controlled by an extension shaft if necessary. 


secondary for 


tion will, however, make the grid positive 
with respect to cathode and the relatively-low 
plate-cathode resistance of the 6N7 shunts 
the high-resistance audio output circuit, effec- _ 
tively short-circuiting it so that there is practi- 
cally no response for the duration of the noise 
peak over the 100% modulation limit. 

Rs is used to make the noise-limiting tube 
more sensitive, by applying to the plate an 
audio voltage out of phase with the cathode 
voltage so that at the instant the grid goes. 
positive with respect to cathode, the highest 
positive potential also is applied to the plate, 
thus further lowering the effective plate- 
cathode resistance. 

I.F. noise silencer — In the circuit shown in 
Fig. 728 noise pulses are made to decrease the 
gain of an if. stage momentarily and thus 
silence the receiver for the duration of the 
pulse. Noise voltage in excess of the desired 
signal’s maximum i.f. voltage is taken off at 
the grid of the if. amplifier, amplified by the 
noise amplifier stage and rectified by the full- 
wave diode noise rectifier. The noise circuits 
are tuned to thei.f. The rectified noise voltage 
is applied as a pulse of negative bias to the No. 


‘3 grid of the 6L7 used as an if. amplifier, 


wholly or partially disabling this stage for the 
duration of the individual noise pulse, depend- 
ing on the amplitude of the noise voltage. The 
noise amplifier-rectifier circuit is biased so that 
rectification will not start until noise voltage 
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exceeds the desired-signal amplitude, by means 
of the ‘‘threshold control,” Ry. For reception 
with automatic volume control, the a.v.c. 
voltage can be applied to the grid of the noise 
amplifier to augment this threshold bias. This 
system of noise silencing gives signal-noise ratio 
improvement of the order of 30 db. (power ratio 
of 1000) with heavy ignition interference, rais- 
ing the signal-noise ratio from —10 db. without 
the silencer to +20 db. in a typical instance. 

Circuit values are normal for i.f. amplifiers 
(§ 7-11) except as indicated. The noise rectifier 
transformer 7, has an untuned secondary 
closely-coupled to the primary, center-tapped 
for full-wave rectification. The center-tap 
rectifier (§ 8-3) is used to reduce the possibility 
of r.f. feedback into the if. amplifier (noise 
silencer) stage. The time constant (§ 2-6) of the 
noise rectifier load circuit, RiCiC2, must be 
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small to prevent disabling the noise silencer 
stage for a longer period than the duration of 
the noise pulse. The radio-frequency choke, 
RFC, must be effective at the intermediate 
frequency. 

Adequate shielding and isolation of the noise 
amplifier and rectifier circuits from the noise 
silencer stage must be provided to prevent 
possible self-oscillation and instability. This 
circuit is preferably applied to the first i.f. 
stage of the receiver before the high-selectivity 
circuits are reached, and is most effective when 
the signal and noise levels are fairly high (one 
or two r.f. stages before the mixer) since several 
volts must be obtained from the noise rectifier 
for good silencing. 


07-16 OPERATING SUPERHET 
RECEIVERS 


C.w. reception — Proper adjustment of the 
beat oscillator is to a frequency slightly differ- 
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T. 
6H6 Re — 5000-ohm volume control. 
Rs — 20,000 ohms. 
Ra, Rs — 0.1 megohm. 


ent from the intermediate frequency (§ 7-8). 
This adjustment may be made by tuning in a 
moderately-weak steady carrier, with the beat 
oscillator turned off, for maximum signal 
strength as determined by maximum hiss, then 
turning on the beat oscillator and adjusting its 
frequency (leaving the receiver tuning alone) 
to give a suitable beat note. Subsequently the 
beat oscillator need not be touched except for 
occasional checking to make certain the fre- 
quency has not drifted from the initial setting. 
The b.f.o. may be set on either the high- or 
low-frequency side of zero beat. 

The use of a.v.c. (§ 7-13) is not generally 
satisfactory in c.w. reception because the 
receiver gain rises in the spaces between dots 
and dashes, giving an increase in noise in the 
same intervals, and also because the rectified 
beat oscillator voltage in the second detec- 
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Fig. 728 —1.f. noise-silencing circuit. 
The “B” supply should be 250 volts. 
Ci — 50-250 upfd.; use smallest value 

possible without r.f. feedback. 

C2 — 50 upfd. 
C3 — 0.1 pfd. 
Ri — 0.1 megohm. 


Ti — Special if. transformer for noise 
rectifier. 


tor circuit also works the a.v.c. circuit. This 
gives a constant reduction in gain and pre- 
vents utilization of the full gain of the receiver. 
Hence the gain is preferably manually ad- 
justed to give suitable audio-frequency output. 

To avoid overloading in the if. circuits it is 
usually best to control the if. and r.f. gain and 
keep the audio gain at a fixed value, rather 
than to use the a.f. gain control as a volume 
control and permit the r.f. gain to stay fixed 
at its highest level. 

Tuning with the crystal filter — If the re- 
ceiver is equipped with a crystal filter the 
tuning instructions in the preceding paragraph 
still apply, but more care must be used both in 
initial adjustment of the beat oscillator and in 
tuning. The beat oscillator is set as described 
above, but with the crystal filter in operation 
and adjusted to its sharpest position, if vari- 
able selectivity is available. This initial adjust- 
ment should be made with the phasing control 


(§ 7-11) in the intermediate position, and after 
it is completed the beat oscillator should be 
left set and the receiver tuned to the other side 
‘of zero beat (audio-frequency image) on the 


same carrier to give a beat note of the same. 


tone. This beat will be considerably weaker 
than the first, and may be ‘‘phased out’’ al- 
most completely by careful adjustment of the 
phasing control. This is the adjustment for 
normal operation, and it will be found that one 
side of zero beat has practically disappeared, 
leaving the receiver with maximum response 
on the desired side. 

An interfering signal having a beat note 
differing from that of the a.f. image can simi- 
larly be phased out, provided its carrier fre- 
quency is not too near the desired carrier. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to ‘‘run to- 
gether.’”’ This, plus the fact that the tuning is 
quite critical with extremely high selectivity, 
may make it desirable to use somewhat less 
selectivity in regular operating. However, it 
must be emphasized that to realize the benefits 
of the crystal filter in reducing interference it 
is necessary to do all tuning with it in the 
circuit. The selectivity is so high that it is 
almost impossible to find the desired station 
quickly should the filter be switched in only 
when interference is present. ; 

’Phone reception — In reception of ’phone 
signals the normal procedure is to set the r-.f. 
and if. gain at maximum, switch the a.v.c. on, 
and use the audio gain control for setting the 
volume. This insures maximum effectiveness of 
the a.v.c. system in compensating for fading or 
maintaining constant audio output when either 
strong or weak signals are tuned in. On occa- 
sions a strong signal close to the frequency of a 
weaker desired station may take control of the 
a.v.c., in which case the weaker station will 
practically disappear because of the reduced 
gain. In such a situation better reception may 
result if the a.v.c. is switched off, using the 
manual r.f. gain control to set the gain at a 
point which prevents ‘“‘blocking” by the 
stronger signal. 

A crystal filter will do much toward reducing 
interference in ’phone bands. Although the 
high selectivity cuts sidebands and thereby 
reduces the audio output, especially at the 
higher audio frequencies, it is possible to use 
quite high selectivity without destroying in- 
telligibility even though the ‘‘quality”’ of the 
transmission suffers. As in the case of c.w. re- 
ception, it is advisable to do all tuning with 
the filter in circuit when interference is likely to 
occur. Variable-selectivity filters permit a 
choice of selectivity which give varying degrees 
of sideband cutting to suit conditions. 

An undesired carrier close in frequency to a 
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desired carrier will heterodyne with it to pro- 
duce a beat note equal to the frequency dif- 
ference. Such a heterodyne can be reduced by 
adjustment of the phasing control when the 
crystal filter is used. It cannot be prevented in 
the ‘‘straight’’ superhet having no crystal filter. 

A tone control often will be of help in reduc- 
ing the effects of high-pitched heterodynes, 
sideband splatter (§ 5-2) and noise, by cutting 
off the higher audio frequencies. This, like side- 
band cutting with high selectivity, causes some 
reduction in naturalness. 

Spurious responses — Spurious responses 
can be recognized without a great deal of 
difficulty. It is often possible to identify an 
image by the type of station transmitting, 
knowing the frequency assignments applying 
to the frequency to which the receiver is tuned. 
However, an image also can be recognized by 
its behavior with tuning. If the signal causes a 
heterodyne beat note with the desired signal 
and is actually on the same frequency, the beat 
note will not change as the receiver is tuned 
through the signal, but if the interfering signal 
is an image the beat will vary in pitch as the 
receiver is tuned. The beat oscillator in the 
receiver must be off for this test. Using a 
crystal filter with the beat oscillator on, the 
image will peak on the opposite side of zero 
beat to that on which the desired signal peaks. 

Harmonic response can be recognized by 
the “‘tuning rate,’ or movement of the tuning 
dial required to give a specified change in beat 
note. Signals getting into the if. via high- 
frequency oscillator harmonics will tune more 
rapidly (less dial movement) through a given 
change in beat note than signals received by 
normal means. 

Harmonics of the beat oscillator can be rec- 
ognized by the tuning rate of the beat oscillator 
pitch control. A smaller movement of the con- 
trol will suffice for a given change in beat note 
than is necessary with legitimate signals. 


@@-17 SERVICING SUPERHET 
RECEIVERS 

If. alignment — A calibrated signal genera- 
tor or test oscillator is a practical necessity for 
initial alignment of an if. amplifier. Some 
means for measuring the output of the receiver 
also is needed. If the receiver has a tuning 
meter, its indications will serve for this pur- 
pose. Alternatively, if the signal generator is 
of the modulated type an a.c. output meter 


(high-resistance voltmeter with copper-oxide 


rectifier) can be connected across the primary 
of the output transformer feeding the loud- 
speaker, or from the plate of the last audio 
amplifier through a 0.1-ufd. blocking condenser 
(§ 2-13) to the receiver chassis. The intensity 
of sound from the loud-speaker can also be 
judged by ear (with the modulated test oscilla- 
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tor) if no output meter is available, although 
this method is not as accurate as those using 
instruments. 

The procedure is as follows: The test oscil- 
lator is adjusted to the desired intermediate 
frequency and the ‘‘hot”’ or ungrounded out- 
put lead is clipped on the grid lead of the last 
if. amplifier tube. The grounded lead is con- 
nected to the receiver chassis. The trimmer 
condensers of the transformer feeding the sec- 
ond detector are then adjusted for maximum 
signal output. The hot lead from the genera- 
tor is next clipped on the grid of the next 
to the last i.f. tube and the second from last 
if. transformer brought into alignment by 
adjusting its trimmers for maximum output. 
This process is continued, working back from 
the second detector, until all of the if. trans- 
formers have been aligned. It will be necessary 
to reduce the output of the signal generator as 
more of the if. amplifier is brought into use 
because the increased gain is likely to cause 
overloading and consequent inaccurate read- 
ings. It is desirable in all cases to use the mini- 
mum signal strength which gives useful output 
readings. The i.f. transformer in the plate cir- 
cuit of the mixer is aligned with the signal- 
generator lead connected to the mixer grid. 
Since the tuned circuit feeding the mixer grid 
may, because it is tuned to a considerably 
higher frequency, effectively short-circuit the 
signal-generator output, it may be necessary 
to disconnect this circuit. With tubes having 
a top grid connection this can be done by 
removing the grid cap. 

If the tuning indicator is used as an output 
meter the a.v.c. should be switched on; if the 
audio output method is used the a.v.c. should 
be off. The beat oscillator should be off in 
either case. 

If the if. amplifier has a crystal filter, the 
filter should first be switched out and the align- 
ment carried out as above, setting the signal 
generator as closely as possible to the fre- 
quency of the crystal. When completed, the 
crystal should be switched in and the oscillator 
frequency varied back and forth over a small 
range either side of the crystal frequency to 
find the exact frequency, which will be indi- 
cated by a sharp rise in output. Leaving the 
generator set on the crystal peak, the i-f. 
trimmers may be realigned for maximum out- 
put. The necessary readjustment should be 
small. The oscillator frequency’ should be 
checked frequently to make sure it has not 
drifted from the crystal peak. 

A modulated signal is not of much value for 
aligning a crystal-filter i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output of the 
receiver is used as a eriterion of alignment. 
Lacking the a.v.c. tuning meter, the trans- 
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formers may be aligned by ear, using a weak 
unmodulated signal adjusted to the crystal 
peak. Switch on the beat oscillator, adjust to a 
suitable tone, and align the transformers for 
maximum audio output. 

An amplifier which is only slightly out of 
alignment as a result of normal drift from tem- 
perature, humidity or aging effects can be re- 
aligned by using any steady signal, such as a 
local broadcasting signal, in lieu of the test 
oscillator. Allow the receiver to warm up 
thoroughly (an hour or so), tune in the signal 
as usual and ‘‘touch up” the i.f. trimmers for 
maximum output. 

Rf. alignment — The object of alignment 
of the r.f. circuits in a gang-tuned receiver is to 
secure adequate tracking over each tuning 
range. The adjustment may be carried out with 
a test oscillator of suitable frequency range or 
even on noise or such signal as may be heard. 
Set the tuning dial at the high-frequency end 
of the range in use and adjust the h.f. oscillator 
trimmer condenser for maximum hiss. Next 
adjust the mixer-trimmer condenser for maxi- 
mum hiss or signal, then the r.f. trimmers. 
Reset the tuning dial to the low-frequency end 
of the range and repeat; if the circuits are 
properly designed no change in trimmer set- 
tings should be necessary. Should it be neces- 
sary to increase thetrimmer capacity in any 
circuit, more inductance is needed; if less 
capacity resonates the circuit, less inductance 
is required. In the oscillator circuit, the proper 
frequency range may be secured by adjustment 
of the tracking condenser capacity (§ 7-10) 
as well as by inductance adjustment. 

Tracking is seldom perfect throughout a 
tuning range, so that a check of alignment at 
intermediate points in the range may show it 
to be slightly off. Normally the gain variation 
from this cause will be small, however, and it 
will suffice to bring the circuits into line at both 
ends of the range. If most reception is in a 
particular part of the range, such as an amateur 
band, the circuits may be aligned at that fre- 
quency to insure maximum performance, even 
though the ends of the whole frequency range 
may be slightly out of alignment. 

Oscillation of rf. or if. amplifiers — Os- 
cillation in high-frequency amplifier and mixer 
circuits is evidenced by squeals or ‘‘birdies”’ 
as the tuning is varied. It can be caused by 
poor connections in the common ground cir- 
cuits, especially to the tuning condenser rotors. 
Inadequate or defective by-pass condensers in 
cathode, plate and screen-grid circuits also 
can cause such oscillation. In some cases it 
may be advisable to provide a shield between 
the stators of pre-r.f. amplifier and first-de- 
tector ganged tuning condensers, in addition 
to the usual tube and inter-stage shielding. A 
metal tube with an ungrounded shell will cause 


‘this trouble. Improper screen-grid voltage, 
which might result from a shorted or too-low 
screen-grid series resistor, also could be re- 
sponsible. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning and is indicated by a 
continuous squeal which appears when the 
gain is advanced with the c.w. beat oscillator 
on. It can result from similar defects in i-f. 
amplifier circuits. Inadequate cathode resistor 
by-pass capacitance is a common cause of such 
oscillation. Additional by-pass capacitance, of 
0.1 to 0.25 ufd. usually will remedy it. Similar 
treatment can be applied to screen-grid and 
plate by-passes of i.f. tubes. 

Instability — “ Birdies”’ or a mushy hiss oc- 
curring with tuning of the high-frequency 
oscillator may indicate that the oscillator is 
“squegging”’ or oscillating simultaneously at 
high and low frequencies (§ 7-4). This may be 
caused by a defective tube, too-high oscillator 
plate or screen-grid voltage, excessive feed 
back in the oscillator circuit or too-high grid- 
leak resistance. 

A varying beat note in c.w. reception indi- 
cates instability in either the h.f. oscillator or 
beat oscillator, usually the former. The stabil- 
ity of the beat oscillator can be checked by 
introducing a signal of intermediate frequency 
(from a test oscillator) into the i.f. amplifier; 
if the beat note is unstable, the trouble is in 
the beat oscillator. Poor connections or defec- 
tive parts are the likely cause. Instability in the 
high-frequency oscillator may be the result of 
poor circuit design (§ 7-10), loose connections, 
defective tubes or circuit components, or poor 
voltage regulation in the oscillator plate and/or 
screen supply circuits. Mixer pulling of the 
oscillator circuit (§ 7-9) also will cause the 
beat-note to chirp on strong c.w. signals be- 
cause the oscillator load changes slightly under 
these conditions. 

In ’phone reception with a.v.c., a peculiar 
type of instability (‘‘motorboating’’) may ap- 
pear if the h.f. oscillator frequency is sensitive 
to changes in plate voltage. As the a.v.c. 
voltage rises the electrode currents of the con- 
trolled tubes decrease, decreasing the load on 
the power supply and causing the plate voltage 
on the oscillator to rise. The oscillator fre- 
quency changes correspondingly, detuning the 
circuit and reducing the a.v.c. voltage, thus 
tending to restore the original conditions. The 
process then repeats itself at a rate determined 
by the signal strength and the time constant of 
the power supply circuits. It is more pro- 
nounced with high selectivity, as when a 
crystal filter is used, and can be cured by de- 
signing the oscillator circuit to be relatively 
insensitive to plate voltage changes and by 
regulating the voltage applied to the oscillator 
(§ 7-10). 
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@7-18 RECEPTION OF FREQUENCY- 
MODULATED SIGNALS 

F.m. receivers — A frequency-modulation 
receiver differs in circuit design from one 
designed for amplitude modulation chiefly in 
the arrangement used for detecting the signal. 
Detectors for amplitude-modulated signals do 
not respond to frequency modulation. It is also 
necessary, for full realization of the noise-re- 
ducing benefits of the f.m. system, that the 
signal applied to the detector be completely 
free from amplitude modulation. In practice 
this is attained by preventing the signal from 
rising above a given amplitude by means of a 
limiter (§ 7-15). Since the weakest signal must 
be amplitude-limited, high gain must be pro- 
vided ahead of the limiter; the superheterodyne 
type of circuit is almost invariably used to 
provide the necessary gain. 

The r.f. and i.f. stages in such a superhet are 
identical in circuit with those in an a.m. re- 
ceiver. Since the use of f.m. is confined to the 
ultra-high frequencies (above 28 Mc.) a high 
intermediate frequency is employed, usually 
between 4 and 5 Me. This not only reduces 
image response but also gives the greater 
band-width necessary to accommodate wide- 
band f.m. signals. 

Receiver requirements — The primary re- 
quirements are sufficient r.f. and if. gain to 
“saturate”? the limiter even with a weak 
signal, sufficient band-width (§ 7-2) to ac- 
commodate the full frequency deviation either 
side of the carrier frequency without undue 
attenuation at the edges of the band, a limiter 
circuit which functions properly on both rapid 
and slow variations in amplitude, and a detec- 
tor which gives a linear relationship between 
frequency deviation and amplitude output. 
The audio circuits are the same as in other 
receivers (§ 7-5) except that it is desirable to 
cut off the upper audio range by means of a 
low-pass filter (§ 2-11) because the higher- . 
frequency noise components have the greatest 
amplitude in an f.m. receiver. 

The limiter — Limiter circuits are generally 
of the plate saturation type (§ 7-15) where low 
plate and screen voltage are used to limit the 
plate current flow at high signal amplitudes. 
Fig. 729-A is a typical circuit. The tube is self- 
biased (§ 3-6) by a grid leak, Ry, and condenser, 
Cy. Ro, Rg and Ry form a voltage divider 
(§ 8-8) which puts the desired voltages on the 
screen and plate. The lower the voltages the 
lower the signal level at which limiting occurs, 


‘but the r.f. output voltage of the limiter also 


is lower. Cy and C3 are the plate and screen 
by-pass condensers, of conventional value for 
the intermediate frequency used. The time 
constant (§ 2-6) of RyC; determines the be- 
havior of the limiter with respect to rapid and 
slow amplitude variations. For best operation 
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on impulse noise (§ 7-15) the time constant 
should be small, but a small time constant 
limits the range of signal strengths which the 
limiter can handle without departing from the 
constant-output condition. A larger time con- 
stant is better in the latter respect but is not 
so effective for rapid variations, hence a com- 
promise set of constants must be used. 

The cascade limiter, Fig. 729-B, overcomes 
this by making the time constant in the first 
grid circuit suitable for effective operation on 
impulse noise and that in the second grid 
(C4Rs) optimum for a wide range of input 
signal strengths. This results, in addition, in 
more constant output over a very wide range 
of input signal amplitudes because the voltage 
at the grid of the second stage is already par- 
tially amplitude-limited, thus giving the second 
stage less work to do. Resistance coupling 
(RsCaR¢) between stages is used in preference 
to transformer coupling for simplicity and 
to prevent unwanted regeneration, additional 
gain at this point being unnecessary. 

The rectified voltage developed across Ry 
in either circuit may be used for a.v.c. (§ 7-18). 

Discriminator circuits and operation — 
The f.m. detector is commonly called a dis- 
criminator, because of its ability to discriminate 
between frequency deviations above and those 
below the carrier frequency. The circuit gen- 
erally used is shown in Fig. 730-A. A special 
if. coupling transformer is used between the 
limiter and detector. Its secondary, Ly, is 
centertapped and is connected back to the 
plate side of the primary circuit, which is 
otherwise conventional. C, is the tuning con- 
denser. The load circuits of the two diode recti- 
fiers (R1Ci, ReCe) are connected in series; the 
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Fig. 729 — F.m. limiter circuits. A, single-tube plate- 
saturation limiter; B, cascade limiter. Typical values 
are as follows: 








= Circuit A Circuit B 

Ci — 100 utd. 100 upfd. 

Ce, Cs — 0.1 ufd. «1 ufd. 

C4 — 250 pptd. 

Ri— 0.1 megohm, 50,000 ohms. 
Re— 2000 ohms. 2000 ohms. 

R3 — 50,000 ohms. 50,000 ohms. 
Ra— 0 to 50,000 ohms. 0 to 50,000 ohms. 
Rs — 4000 ohms. 

Re — 0.2 megohm. 


Plate supply voltage should be 250 volts in each 
circuit. 


constants used are of the same order as in 
ordinary diode detector circuits (§ 7-3). The 
audio output is taken from across the two load 
resistances. 

The primary and secondary circuits are both 
adjusted to resonance in the center of the if. 
pass-band. The voltage applied to the rectifiers 
consists of two components, that induced in the 
secondary by the inductive coupling, and that 
fed to the center of the secondary through (C2. 
The phase relations between the two are such 
that at resonance the rectified load currents 
are equal in amplitude but flow in opposite 
directions through R; and Re, hence the net 
voltage across the terminals marked ‘audio 
output” is zero. When the carrier deviates 
from resonance, the induced secondary current 
either lags or leads, depending upon whether 
the deviation is to the high- or low-frequency 
side, and this phase shift causes the induced 
current to combine with that fed through C2 
in such a way that one diode gets more voltage 
than the other when the frequency is below 
resonance, while the second diode gets the 
larger voltage when the frequency is higher 


‘than resonance. The voltage appearing across 

the output terminals is the difference between 
the two diode voltages, hence a characteristic 
like that of Fig. 731 results, where the net 
rectified output voltage has opposite polarity 
for frequencies on either side of resonance, and 
up to a certain point becomes greater in ampli- 
tude as the frequency deviation is greater. 
The straight-line portion of the curve is the 
useful detector characteristic. The separation 
between the peaks which mark the ends of the 
linear portion of the curve depends upon the 
@’s of the primary and secondary circuits and 
the degree of coupling. The separation becomes 
greater with low Q’s and close coupling. It is 
ordinarily set so that the peaks fall just outside 
the limits of the pass-band, thus utilizing most 
of the straight portion of the curve. Since the 
audio output is proportional to the change in 
d.c. voltage with deviation, it is advantageous 
from this standpoint to have the peak separa- 
tion the minimum necessary for a linear charac- 
teristic. 

A second type of discriminator circuit is 
shown in Fig. 730-B. Two secondary circuits 
S; and Se are used, one tuned above the center 
frequency of the i.f. pass-band, the other below. 
They are coupled equally to the primary, 
which is tuned to the center frequency. As the 
carrier frequency deviates, the voltages in- 
duced in the secondaries will change in ampli- 
tude, with the larger voltage appearing across 
the secondary nearer resonance with the in- 
stantaneous frequency. The detection charac- 
teristic is similar to that of the first type of 
discriminator. The peak separation is deter- 
mined by the Q’s of the circuits, the coefficient 
of coupling, and the tuning of the two seconda- 
ries. High Q’s and loose coupling are necessary 
for close peak separation. | 

F.m. receiver alignment — Alignment of 
f.m. receivers up to the limiter is carried out as 


Limiter 
Plate 


Fig. 730 — F.m. discriminator circuits. In 
both circuits typical values for Ci and C2 are +B 
100 pufd. each; Ri and Re, 0.1 megohm each. 
Cs in A is approximately 50 yyfd., depend- 
ing upon the intermediate frequency; RFC 
should be of the type designed for the i-f. 
in use (2.5 mh. is satisfactory for i.f.’s of 4 
to 5 megacycles). The special three-winding 
transformer in B is described in the text. 

Jn either circuit the ground may be re- 


moved from the lower end of C2 and moved Limiter 
to the junction of Ci and Ce for push-pull 
audio output. 

+B 
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described in § 7-17. For output measurement, 
a 0-1 milliammeter or 0-500 microammeter 
should be connected in series with the limiter 
grid resistor (2, in Fig. 729) at the grounded 
end; or, if the voltage drop across A, is used 
for a.v.c. and the receiver is provided with a 
tuning meter (§ 7-13), the tuning meter may be 
used as an output meter. An accurately cali- 
brated signal generator or test oscillator is 
desirable, since the i.f. should be aligned to be 
as symmetrical as possible; that is, the output 
reading should be the same for any two test 
oscillator settings the same number of kilo- 
cycles above or below resonance. It is not neces- 
sary to have uniform response over the whole 
band to be received, although the output at the 
edges of the band (limit of deviation (§ 5-11) 
of the transmitted signals) should not be too 
low —not less than 25% of the voltage at 
resonance. In communications work a band- 
width of 30 ke. or less (15 ke. or less deviation) 
is commonly used. 

Output readings should be taken with the 
test oscillator set at intervals of a few kilocycles 
either side of resonance until the band limits 
are reached, and the i.f. trimmers adjusted to 
give as symmetrical a curve as possible. 

After the if. (and front end) are aligned the 
limiter operation should be checked. This can 
be done by temporarily disconnecting C3, if 
the discriminator circuit of Fig. 730-A is used, 
disconnecting R; and C, from the upper diode’s 
cathode in the same diagram, and inserting the 
milliammeter or microammeter in series with 
Ry at the grounded end. This converts the 
discriminator to an ordinary diode rectifier. 
Varying the signal generator frequency over 
the channel, with the discriminator transformer 
adjusted to resonance, should show no change 
in output (at the band-widths used for com- 
munications purposes) as indicated by the 
rectified current read by the meter. At this 
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Fig. 731 — Characteristic of a typical f.m. detector. 
The vertical axis represents the voltage developed across 
the load resistor as the frequency varies from the exact 
resonance frequency. 

A detector with this characteristic would handle f.m. 
signals up to a band-width of about 150 ke. over the 
linear portion of the curve. 


point various plate and screen voltages can 
be tried on the limiter tube or tubes to deter- 
mine the set of conditions which gives maxi- 
mum output with adequate limiting (no change 
in rectified current). 

When the limiter has been checked the 
discriminator connections can be restored, 
leaving the meter connected in series with R. 
Provision should be made for reversing the 
connections to the meter terminals to take 
care of the reversal in polarity of the net recti- 
fied current. Set the signal generator to the 
center frequency of the band and adjust the 
discriminator transformer trimmer condensers 
to resonance, which will be indicated by zero 
rectified current. Then set the test oscillator at 
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the deviation limit (§ 5-11) on one side of the 
center frequency and note the meter reading. 
Reverse the meter terminals and set the test 
oscillator at the deviation limit on the other 
side. The two readings should be the same. If 
they are not, they can be made so by a slight 
adjustment of the primary trimmer. This will 
necessitate re-checking the response at reso- 
nance to make sure it is still zero. Generally 
speaking, the secondary trimmer will chiefly 
affect the zero-response frequency, while the 
primary trimmer will have most effect on the 
symmetry of the discriminator peaks. A de- 
tector curve having satisfactory linearity can 
be obtained by cut-and-try adjustment of both 
trimmers. 

Tuning and operation — An f.m. receiver 
gives greatest noise reduction when the carrier 
is tuned exactly to the center of the receiver 
pass-band and to the point of zero response in 
the discriminator. Because of the decrease in 
noise, this point is readily recognized. Aside 
from this no special tuning instructions are 
necessary. The effectiveness of the receiver 
will depend almost wholly on how accurately 
it is aligned. 

When an amplitude-modulated signal is 
tuned in, its modulation practically disappears 
at exact resonance, only those nonsymmetrical 
modulation components which may be present 
being detected. If the signal is to one side or 
the other of resonance, however, it will be 
heard and is capable of causing interference to 
an f.m. signal. 
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e8-l POWER SUPPLY 
REQUIREMENTS 

Filament suppiy — Except for tubes de- 
signed for battery operation, the filaments or 
heaters of vacuum tubes used in both trans- 
mitters and receivers are universally operated 
on alternating current obtained from the power 
line through a step-down transforme: (§ 2-9) 
delivering a secondary voltage equal to the 
rated voltage of the tubes used. The trans- 
former should be designed to carry the current 
taken by the number of tubes which may be 
connected in parallel (§ 2-6) across it. The 
filament or heater transformer is generally 
center-tapped to provide a balanced circuit 
for eliminating hum (§ 3-6). 

For medium- and high-power r.f. stages of 
transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans- 
former for each section of the transmitter, 
installing the transformer near the tube 
sockets. This avoids the necessity for abnorm- 

‘ally large wires to carry the total filament 
current for all stages without appreciable 
filament voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- 
or over-voltage may reduce filament life. 

Plate supply — Direct current must be used 
for the plates of tubes, since any variation in 
plate current arising from power supply causes 
will be super-imposed on the signal being re- 
ceived or transmitted, giving an undesirable 
type of modulation (§ 5-1) if the variations 
occur at an audio-frequency (§ 2-7) rate. Un- 
varying direct current.is commonly called pure 
d.c. to distinguish it from current which may 
be unidirectional but of pulsating character. 
The use of pure direct current on transmitting 
tubes is required by FCC regulations on fre- 
quencies below 60 megacycles. 

Sources of plate power — D.c. plate power 
is usually obtained from rectified and filtered 
alternating current, but in low-power and 
portable installations may be secured from 


batteries. Dry batteries may be used for very | 


low-power portable equipment, but in many 
cases a storage battery is used as the primary 
source of power, in conjunction with an inter- 
rupter to give pulsating d.c. which is applied 
to the primary of a step-up transformer 
(§ 8-10). 


Rectified a.c. supplies —Since the power 
line voltage is ordinarily 115 or 230 volts, a 
step-up transformer (§ 2-9) must be used to 
obtain the desired voltage for the plates of the 
tubes in the equipment. The alternating sec- 
ondary current is changed to unidirectional cur- 
rent by means of diode rectifier tubes (§ 3-1), 
then passed through an inductance-capacity 
filter (§ 2-11) to the load circuit. The load re- 
sistance in ohms is equal to the d.c. output 
voltage of the power supply divided by the 
current in amperes (Ohm’s Law, § 2-6). ¢ 

Voltage regulation — Since there is always 
some resistance in power supply circuits, and 
since the filter normally depends to a consider- 
able extent upon the energy storage of induc- 
tance and capacity (§ 2-8, 2-5) the output 
voltage will depend upon the current drain on 
the supply. The change in output voltage with 
change in load current is called the voltage 
regulation of the supply. Expressed as a per- 
centage, 


100 (#; — Ep») 


Regulation = 
% Regulation Ea 


where # is the no-load voltage (no current in 
the load circuit) and H, the full-load voltage 
(rated current in load circuit). 


e8-2 RECTIFIERS 


Purpose and ratings—A rectifier is a 
device which will conduct current in only one 
direction. The diode tube (§ 3-1) is used al- 
most exclusively for the purpose in d.c. power 
supplies used with radio equipment. The im- 
portant characteristics of tubes used as power 
supply rectifiers are the voltage drop between 
plate and cathode at rated current, the maxi- 
mum permissible inverse peak voltage, and 
the permissible peak plate current. 

Voltage drop — Tube voltage drop depends 
upon the type of tube. In vacuum rectifiers it 
increases with the current flowing because of 
space-charge effect (§ 3-1), but can be mini- 
mized by using very small spacing between 
plate and cathode as is done in some rectifiers 
for receiver power supplies. Mercury-vapor 
rectifiers (§ 3-5) have a constant drop of about 
15 volts regardless of current. This is much 
smaller than the voltage drops encountered in 
vacuum rectifiers. 
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Inverse peak voltage — This is the maxi- 
mum voltage developed between plate and 
cathode of the rectifier when the tube is not 
conducting; i.e., when the plate is negative 
with respect to the cathode. 

Peak plate current — This is the maximum 
instantaneous current flowing through the 
rectifier. It can never be smaller than the load 
current in ordinary circuits, and may be several 
times higher. 

Operation of mercury-vapor rectifiers — 
Because of its constant voltage drop, the mer- 
cury vapor rectifier is more susceptible to 
damage than the vacuum type. With the 
latter, the increase in voltage drop tends to 
limit current flow on heavy overloads, but the 
mercury-vapor rectifier does not have this 
limiting action and the cathode may be dam- 
aged under similar conditions. 

In mercury-vapor rectifiers a phenomenon 
known as ‘‘arc-back,’? or breakdown of the 
mercury vapor and conduction in the opposite 
direction to normal,: occurs at high inverse 
peak voltages, hence such tubes always should 
be operated within their inverse-peak voltage 
ratings. Arc-back also may occur if the cathode 
temperature is below normal, therefore the 
heater or filament voltage should be checked 
to make sure that the rated voltage is applied. 
This check should be made at the tube socket 
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Fig. 801 — Fundamental rectifier circuits. 
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to avoid errors caused by drop in the leads from 
the filament transformer to the tube. For the 
same reason the cathode should be allowed to 
come up to its final temperature before plate 
voltage is applied; the time required for this is 
of the order of 15 to 30 seconds. When a tube 
is first installed or is put into service after a 
long period of idleness, the cathode should be 
heated for a period of 10 minutes or so before 
application of plate voltage. 


e8-3 RECTIFIER CIRCUITS 


Half-wave rectifiers — The simple diode 
rectifier (§ 3-1) is called a half-wave rectifier be- 
cause it can pass only half of each cycle of al- 
ternating current. It is shown in Fig. 801-A. 
At the top of the figure is a representation of 
the applied a.c. voltage, with positive and 
negative alternations (§ 2-7) marked. When the 
plate is positive with respect to cathode, plate 
current flows through the load as indicated in 
the drawing at the right, but when the plate 
is negative with respect to cathode no current 
flows. This is indicated by the gaps in the out- 
put drawing. The output current is unidirec- 
tional, but pulsating. 

In this circuit the inverse peak voltage is 
equal to the maximum transformer voltage, 
which in the case of a sine wave is 1.41 times 
the r.m.s. voltage (§ 2-7). 

Full-wave center-tap rectifier — Fig. 801- 
B shows the ‘“‘full-wave center-tap”’ rectifier 
circuit, so called because both halves of the a.c. 
cycle are rectified and because the transformer 
secondary winding must consist of two equal 
parts with a connection brought out from the 
center. When the upper end of the winding is 
positive, current can flow through rectifier No. 
1 to the load; this current cannot pass through 
rectifier No. 2 because its cathode is positive 
with respect to its plate. The circuit is com- 
pleted through the transformer center-tap. 
When the polarity reverses, the upper end of 
the winding is negative and no current can 
flow through rectifier No. 1, but the lower end 
is positive and therefore rectifier No. 2 passes 
current to the load, the return connection again 
being the center-tap. The resulting wave shape 
is shown at the right. 

Since the two rectifiers are working alter- 
nately in this circuit, each half of the trans- 
former secondary must be wound to deliver the 
full load voltage, hence the total voltage across 
the transformer terminals is twice that required 
with the half- vave rectifier. Assuming negligi- 
ble voltage drop in the particular rectifier 
which may be conducting at any instant, the 
inverse peak voltage on the other rectifier is 
equal to the maximum voltage between the 
outside terminals of the transformer. In the 
case of a sine wave this is 1.41 times the total 
secondary r.m.s. voltage (§ 2-7). 


Because energy is delivered to the load at 
twice the average rate as in the case of a half- 
wave rectifier, each tube carries only half the 
load current. 

The bridge rectifier — The “‘bridge”’ type 
of full-wave rectifier is shown in Fig. 801-C. 
Its operation is as follows: When the upper 
end of the winding is positive, current can flow 
through No. 2 to the load, but not through 
No. 1. On the return circuit, current flows 
through No. 3 by way of the lower end of the 
transformer winding. When the polarity re- 
verses and the lower end of the winding be- 
comes positive, current flows through No. 4 
and the load and through No. 1 by way of the 
upper side of the transformer. The output 
wave shape is shown at the right. 

The inverse peak voltage is equal to the 
maximum transformer voltage, or 1.41 times 
the r.m.s. secondary voltage in the case of a 
sine wave (§ 2-7). Energy is delivered to the 
load at the same average rate as in the case of 
the full-wave center-tap rectifier, so that each 
pair of tubes in series carries half the load 
current. 


e8g-4 FILTERS 


Purpose of filter — As shown in Fig. 801, the 
output of a rectifier is pulsating d.c., which 
would be unsuitable for most vacuum-tube 
applications (§ 8-1). A filter is used to smooth 
out the pulsations so that practically unvary- 
ing direct current flows through the load cir- 
cuit. The filter utilizes the energy-storage 
properties of inductance and capacity (§ 2-3, 
2-5) by virtue of which energy stored in elec- 
tromagnetic and electrostatic fields when the 
voltage and current are rising is restored to 
the circuit when the voltage and current fall, 
thus filling in the ‘‘gaps” or “‘valleys”’ in the 
rectified output. 

Ripple voltage and frequency — The pul- 
sations in the output of the rectifier can be 
considered to be caused by an alternating 
current superimposed on a steady direct cur- 
rent (§ 2-13). Viewed from this standpoint, 
the filter may be considered to consist of by- 
pass condensers which short-circuit the a.c. 
while not interfering with the flow of d.c., and 
chokes or inductances which permit d.c. to 
flow through them but which have high re- 
actance for the a.c. (§ 2-13). The alternating 
component is called the ripple. The effective- 
ness of the filter may be measured by the per- 
cent ripple, which is the r.m.s. value of the 


a.c. ripple voltage expressed as a percentage © 


of the d.c. output voltage. With an effective 
filter the ripple percentage will be low. Five 
percent ripple is considered satisfactory for c.w. 
transmitters, but lower values (of the order 
of 0.25%) are necessary for hum-free speech 
transmission and receiver plate supplies. 
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The ripple frequency depends upon the line 
frequency and the type of rectifier. In general, 
it consists of a fundamental plus a series of 
harmonics (§ 2-7), the latter being relatively 
unimportant since the fundamental is hardest 
to smooth out. With a half-wave rectifier the 
fundamental is equal to the line frequency; 
with a full-wave rectifier the fundamental is 
equal to twice the line frequency, or 120 cycles 
in the case of a 60-cycle supply. 

Types of filters — Inductance-capacity fil- 
ters are of the low-pass type (§ 2-11), using 
series inductances and shunt capacitances. 
Practical filters are identified as condenser- 
input and choke-input, depending upon whether 
a capacity or inductance is used as the first 
element in the filter. Resistance-capacity 
filters (§ 2-11) are occasionally used in appli- 
cations, particularly in receivers and speech 
amplifiers, where the current is very low and 
the voltage drop in the resistor can be toler- 
ated. 

Bleeder resistance — Since the condensers 
in a filter will retain their charge for a consid- 
erable time after power is removed (provided 
the load circuit is open at the time) it is good 
practice to connect a resistor across the output 
of the filter to discharge the condensers when 
the power supply is not in use. The resistance 
is usually high enough so that only a relatively 
small percentage of the total output current 
is consumed in it during normal operation of 
the supply. 

Components — Filter condensers are made 
in several different types. Electrolytic con- 
densers are available for voltages up to about 
800, and combine high capacity with small 
size, since the dielectric is an extremely thin 
film of oxide on aluminum foil. Condensers 
for higher voltages are usually made with a 
dielectric of thin paper impregnated with oil. 
The working voltage rating of a condenser is 
the voltage which it will withstand contin- 
uously. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre- 
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
permeability (§ 2-5) decreases, consequently 
the inductance also decreases. Despite the air- 
gap, the inductance of a choke usually varies 
to some extent with the direct current flowing 
in the winding, hence it is necessary to specify 
the inductance at the current which the choke 
is intended to carry. Its inductance with little 
or no direct current flowing in the winding may 
be considerably higher than the load value. 


@8-5 CONDENSER-INPUT FILTERS 


Ripple voltage — The conventional con- 
denser-input filter is shown in Fig. 802-A. No 
simple formulas are available for computing 
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the ripple voltage, but it will be smaller as both 
capacity and inductance are made larger. Ade- 
quate smoothing for transmitting purposes can 
be secured by using 4 to 8 pfd. at Cy and Co, and 
20 to 380 henrys at Li with 120-cycle ripple 
(§ 8-4). A higher ratio of inductance to capac- 
ity may be used at higher load resistances 
(§ 8-1). 

For receivers, an additional choke, Le, and 
condenser, C3, of the same approximate values, 





TWO-SECTION 
Fig. 802 — Condenser-input filters. 


as shown in Fig. 802-B, are used to give addi- 
tional smoothing. In such supplies the three 
condensers are generally 8 ufd. each, although 
the input condenser, Cj, is sometimes reduced 
to 4 ufd. Inductances of 10 to 20 henrys each 
will give satisfactory filtering with these 
capacity values. 

For ripple frequencies other than 120 cycles, 
the inductance and capacity values should be 
multiplied by the ratio 120/F, where F is the 
actual ripple frequency. 

The bleeder resistance & should be chosen to 
draw 10% or less of the rated output current 
of the supply. Its value is equal to 1000E/I, 
where £ is the output voltage and J the load 
current in milliamperes. 

_ Rectifier peak current— The ratio of 
rectifier peak current to average load current 
is high with a condenser-input filter. Small 
rectifier tubes designed for low-voltage sup- 
plies (type 80, etc.) generally carry load-cur- 
rent ratings based on the use of condenser- 
input filters. With rectifiers for higher power, 
such as the 866/866A, the load current should 
not exceed about 25% of the rated peak plate 
current of one tube when a full-wave rectifier 
is used, or the rating with half-wave recti- 
fication. 

Output voltage — The d.c. output voltage 
from a condenser-input supply will, with light 
loads or no load, approach the peak trans- 
former voltage. This is 1.41 times the r.m.s. 
voltage (§ 2-7) of the transformer secondary 
in the case of Figs. 801-A and C, or 1.41 times 
the voltage from center-tap to one end of the 
secondary in Fig. 801-B. At heavy loads it 
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may decrease to the average value of secondary 
voltage, or about 90% of the r.m.s. voltage 
or even less. Because of this wide range of 
output voltage with load current the voltage 
regulation (§ 8-1) of the condenser-input filter 
is inherently poor. 

The output voltage obtainable from a given 
supply cannot readily be calculated, since it 
depends critically upon the load current and 
filter constants. Under average conditions it 
will be approximately equal to or somewhat 
less than the r.m.s. voltage between center- 
tap and one end of the secondary in the full- 
wave center-tap rectifier circuit (§ 8-3). 

Ratings of components — Because the out- 
put voltage may rise to the peak transformer 
voltage at light loads, the condensers should 
have a working-voltage rating (§ 8-4) at least 
this high and preferably somewhat higher as a 
safety factor. Thus in the case of a center-tap 
rectifier having a transformer delivering 550 
volts each side of the center-tap, the minimum 
safe condenser voltage rating will be 550 x 
1.41, or 775 volts. An 800-volt or preferably a 
1000-volt condenser should be used. Filter 
chokes should have the inductance specified 
at full-load current, and should have insulation 
between winding and core adequate to with- 
stand the maximum output voltage. 


93-6 CHOKE-INPUT FILTERS 


Ripple voltage — The circuit of a single- 
section choke-input filter is shown in Fig. 
803-A. For 120-cycle ripple a close approxima- 
tion of the ripple to be expected at the output 
of the filter is given by the formula: 


Single 


100 
Section } % Ripple = —, 
Filter i€ 


where L is in henrys and C in ufd. The product 
LC must be equal to or greater than 20 to re- 
duce the ripple to 5 per cent or less. This figure 
represents, in most cases, the economical limit 
for the single-section filter. Smaller percent- 
ages of ripple are usually more economically 
obtained with the two-section filter of Fig. 


+ Le 









From 


(A Rectifrer 





Fig. 803 — Choke-input filters. 


803-B. The ripple percentage (120-cycle ripple) 
with this arrangement is given by the formula: 


ae 650 
ae | 70 ee IyL2 (Ci + C2)? 

For a ripple of 0.25 per cent or less, the de- 
nominator should be 2600 or greater. 

The formulas can be used for other ripple 
frequencies by multiplying each inductance 
and capacity value in the filter by the ratio 
120/F, where F is the actual ripple frequency. 

The distribution of inductance and capacity 
in the filter will be determined by the value of 
input-choke inductance required (next para- 
graph), and the permissible a.c.. output im- 
pedance. If the supply is intended for use with 
an audio-frequency amplifier the reactance 
(§ 2-8) of the last filter condenser should be 
small (20% or less) compared to the other a.f. 
resistance or impedance in the circuit, usually 
the tube plate resistance and load resistance 
(§ 3-2, 3-3). On the basis of a lower a.f. limit 
of 100 cycles for speech amplification (§ 5-9), 
this condition is usually satisfied when the 
output capacity (last filter capacity) of the 
filter is 4 to 8 ufd., the higher values being used 
for the lower tube and load resistances. 

The input choke — The rectifier peak cur- 
rent and the supply voltage regulation de- 
pend almost entirely upon the inductance of 
the input choke in relation to the load resist- 
ance (§ 8-1). The function of the choke is to 
raise the ratio of average to peak current (by 
its energy storage) and to prevent the d.c. 
output voltage from rising above the average 
value (§ 2-7) of the a.c. voltage applied to the 
rectifier. For both purposes its impedance 
(§ 2-8) to the flow of the a.c. component 
(§ 8-4) must be high. 

The value of input choke inductance which 
prevents the d.c. output voltage from rising 
above the average of the rectified a.c. wave is 
called the critical inductance, and for 120- 
cycle ripple frequency is given by the approxi- 
mate formula: 


ei Load resistance (ohms) 
crit. 1000 ; 


For other ripple frequencies, the inductance 
required will be the above value multiplied by 
the ratio of 120 to the actual ripple frequency. 

With inductance values less than critical 
the d.c. output voltage will rise because the 
filter tends to act as a condenser-input filter 





(§ 8-5). With critical inductance the peak - 


plate current of one tube in a center-tap recti- 
fier will be approximately 10% higher than the 
d.c. load current taken from the supply. 

An inductance of twice the critical value is 
called the optimum value. It gives a further re- 
duction in the ratio of peak to average plate 
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current, and represents the point at which 
further increase in inductance does not give a 
corresponding return in improved operating 
characteristics. 

Swinging chokes — The formula for criti- 
cal inductance indicates that the inductance 
required varies widely with the load resistance. 
In the case where there is no load except the 
bleeder (§ 8-4) on the power supply the critical 
inductance required is highest; much lower 
values are satisfactory when the full-load cur- 
rent is being delivered. Since the inductance of 
a choke tends to rise as the direct current 
flowing through it is decreased (§ 8-4) it is 
possible to effect an economy in materials by 
designing the choke to have a ‘“‘swinging”’ char- 
acteristic such that it has the required critical 
inductance value with the bleeder load only, 
and about the optimum inductance value at 
full load. Thus in the case where the bleeder 
resistance is 20,000 ohms and the full-load 
resistance (including the bleeder) 2500 ohms, 
a choke which swings from 20 henrys to 5 
henrys over the full output-current range will 
fulfill the requirements. 

Resonance — Resonance effects in the ser- 
ies circuit across the output of the rectifier 
formed by the first choke (11) and first filter 
condenser (Cy) must be avoided, since the 
ripple voltage would build up to large values 
(§ 2-10). This is not only the opposite action 
to that for which the filter is intended, but 
also may cause excessive rectifier peak cur- 
rents and abnormally high inverse-peak volt- 
ages. For full-wave rectification the ripple fre- 
quency will be 120 cycles for a 60-cycle supply 
(§ 8-4) and resonance will occur when the 
product of choke inductance in henrys times 
condenser capacity in microfarads is equal to 
1.77. The corresponding figure for 50-cycle 
supply (100-cycle ripple frequency) is 2.53 and 
for 25-cycle supply (50-cycle ripple frequency) 
13.5. At least twice these products should be 
used to ensure that no resonance effects will 
be present. 

Output voltage — Provided the input- 
choke inductance is at least the critical value, 
the output voltage may be calculated quite 
closely by the equation: 


E, = 0.9F, = (Ip + Ir) (Ry + Ra) = E, 
1000 


where £, is the output voltage; H, is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second- 
ary in the case of the center-tap rectifier); 
I, and Iz, are the bleeder and load currents, 
respectively, in milliamperes; Ri and Re are 
the resistances of the first and second filter 
chokes; and ZH, is the drop between rectifier 
plate and cathode (§ 8-2). These voltage drops 
are shown in Fig. 804. 
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Fig. 804 — Voltage drops in the power supply circuit. 


At no load Iz is zero, hence the no-load 
voltage may be calculated on the basis of 
bleeder current only. The voltage regulation 
may be determined from the no-load and full- 
load voltages (§ 8-1). 

Ratings of components — Because of bet- 
ter voltage regulation, filter condensers are 
subjected to smaller variations in d.c. voltage 
than in the condenser-input filter (§ 8-5). How- 
ever, it is advisable to use condensers rated for 
the peak transformer voltage in case the bleeder 
resistor should burn out when there is no ex- 
ternal load on the power supply, since in this 
case the voltage will rise to the same maximum 
value as with a condenser-input filter. 

The input choke may be of the swinging 
type, the required no-load and full-load in- 
ductance values being calculated as described 
above. The second choke (smoothing choke) 
should have constant inductance with varying 
d.c. load currents. Values of 10 to 20 henrys 
are ordinarily used. Since chokes are usually 
placed in the positive leads, the negative being 
grounded, the windings should be insulated 
from the core to withstand the full d.c. output 
voltage of the supply. 


@3-¢ THE PLATE TRANSFORMER 


Output voltage — The output voltage of 
the plate transformer depends upon the re- 
quired d.c. load voltage and the type of recti- 
fier circuit. With condenser-input filters the 
r.m.s. secondary voltage is usually made equal 
to or slightly more than the d.c. output volt- 
age, allowing for voltage drops in the rectifier 
tubes and filter chokes as well as in the trans- 
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap (§ 8-3). 

With a choke-input filter the required r.m.s. 
secondary voltage (each side of center-tap 
for a center-tap rectifier) can be calculated 
by the equation: 


I(Ri + Re) 


ere ] 
fo ton Fy 

where H, is the required d.c. output voltage, 

Tis the load current (including bleeder current) 


in milliamperes, Ry and Rz are the resistances 
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of the filter chokes, and Z, is the voltage drop 
in the rectifier. #, is the full load r.m.s. (§ 2-7) 
secondary voltage; the open-circuit voltage 
usually will be 5% to 10% higher. 
Volt-ampere rating — The volt-ampere ra- 
ting (§ 2-8) of the transformer depends upon 
the type of filter (condenser or choke input). 
With a condenser-input filter the heating effect 
in the secondary is higher because of the high 
ratio of peak to average current, consequently 


- the volt-amperes consumed by the transformer 


may be several times the watts delivered to 
the load. With a choke-input filter, provided 
the input choke has at least the critical in- 
ductance (§ 8-6), the secondary volt-amperes 
can be calculated quite closely by the equation: 


Sec. V.A. = 0.00075 ETI 


where £ is the total r.m.s. voltage of the sec- 
ondary (between the outside ends in the case 
of a center-tapped winding) and J is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt- 
amperes will be 10% to 20% higher because of 
transformer losses. : 


@e3-3 VOLTAGE STABILIZATION 


Gaseous regulator tubes — There is fre- 
quent need for maintaining the voltage applied 
to a low-voltage, low-current circuit (such as 
the oscillator in a superhet receiver or the fre- 
quency-controlling oscillator in a transmitter) 
at a practically constant value regardless of 
the voltage regulation of the power supply or 
variations in load current. In such applica- 
tions gaseous regulator tubes (VR105-30, 
VR150-30, etc.) can be used to good advan- 
tage. The voltage drop across such tubes is 
constant over a moderately-wide current 
range. The first number in the tube designa- 
tion indicates the terminal voltage, the second 
the maximum permissible tube current. 

The fundamental circuit for a gaseous regu- 
lator is shown in Fig. 805-A. The tube is con- 
nected in series with a limiting resistor, R4, 
across a source of voltage which must be 
higher than the starting voltage, or voltage 
required for ionization of the gas in the tube. 
The starting voltage is about 30% higher than 
the operating voltage. The load is connected 
in parallel with the tube. For stable operation 
a minimum tube current of 5 to 10 milliam- 
peres is required. The maximum permissible 
current with most types is 30 milliamperes, 
consequently the load current cannot exceed 
20 to 25 milliamperes if the voltage is to be 
stabilized over a range from zero to maximum 
load current. 

The value of the limiting resistor must lie 
between that which just permits minimum 
tube current to flow and that which just passes 
the maximum permissible tube current when 


there is no load current. The latter value is 
generally used. It is given by the equation 


_ 1000 (H. — E,) 
L 


Where F is the limiting resistance in ohms, 
EH, the voltage of the source across which tube 
and resistor are connected, H, is the rated 
voltage drop across the regulator tube, and 
I is the maximum tube current in milliam- 
peres (usually 30 ma.). 

Fig. 805-B shows how two tubes may be 
used in series to give a higher regulated volt- 
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim- 
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Fig. 805 — Voltage stabilizing circuits using gaseous 
regulator tubes. 


itirig resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for H,. Since the upper tube must carry 
more current than the lower, the load con- 
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex- 
ceed 20 to 25 milliamperes. 

Voltage regulation of the order of 1% can be 
obtained with tubes of this type. 

Electronic voltage regulation — A voltage 
regulator circuit suitable for higher voltages 
and currents than the gas tubes, and also hav- 
ing the feature that the output voltage can be 
varied over a rather wide range, is shown in 
Fig. 806. A high-gain voltage amplifier tube 
(§ 3-3), usually a sharp-cutoff pentode (§ 3-5) 
is connected in such a way that a small change 
in the output voltage of the power supply 
causes a change in grid bias and thereby a cor- 
responding change in plate current. Its plate 
current flows through a resistor (Rs) the vol- 
tage drop across which is used to bias a second 
tube — the ‘‘regulator’”’ tube — whose plate- 
cathode circuit is connected in series with the 
load circuit. The regulator tube therefore func- 
tions as an automatically-variable series re- 
sistor. Should the output voltage increase 


slightly, the bias on the control tube becomes. 


more positive, causing the plate current of the 
control-tube to increase and the drop across 
Rs to increase correspondingly. The bias on 
the regulator tube therefore becomes more 
negative and the effective resistance of the 
regulator tube increases, causing the terminal 
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voltage to drop. A decrease in output voltage 
causes the reverse action. The time lag in the 
action of the system is negligible and with 
proper circuit constants, the output voltage 
can be held within a fraction of a per cent of 
the desired value throughout the useful range 
of load currents and over a wide range of sup- 
ply voltages. 

An essential in the system is the use of a 
constant-voltage bias source for the control 
tube. The voltage change which appears at the 
grid of the tube is the difference between a 
fixed negative bias and a positive voltage 
which is taken from the voltage divider across 
the output. To get the most effective control, 
the negative bias must not vary with plate 
current. The most satisfactory type of bias is 
a dry battery of 45 to 90 volts, but a gaseous 
regulator tube (VR75-80) or a neon bulb of the 
type without the resistor in the base may be 
used instead. This is indicated in the diagram. 
If the gas tube or neon bulb is used, a negative- 
resistance type of oscillation (§ 3-7) may take 
place at audio frequencies or above, in which 
case a condenser of 0.1 ufd. or more should be 
connected across it. A similar condenser be- 
tween the control tube grid and cathode is also 
frequently helpful in this respect. 

The variable resistor 23 is used to adjust the 
bias on the control tube to the proper operat- 
ing value. It also serves as an output voltage 
control, setting the value of regulated voltage 
within the existing operating limits. 

The maximum output voltage obtainable is 
equal to the power supply voltage minus the 
minimum drop through the regulator tube. 
This drop is of the order of 50 volts with the 





Fig. 806 — Electronic voltage regulator. The regu- 
lator tube is ordinarily a 2A3 or a number of them in 
parallel, the control tube a 6SJ7 or similar type. The 
filament transformer for the regulator tube must be in- 
sulated for the plate voltage, and cannot supply current 
to other tubes when a filament-type regulator tube is 
used. Typical circuit values are as follows: Ri, 10,000 
ohms; Re, 25,000 ohms; R3, 10,000-ohm potentiometer; 
Ra, 5000 ohms; Rs, 0.5 megohm. 
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tubes ordinarily used (power triodes having low 
plate resistance, such as the 2A3). The maxi- 
mum current is also limited by the regulator 
tube; 100 milliamperes is a safe value for a 
2A3. Two or more regulator tubes may be 
connected in parallel to increase the current- 
carrying capacity, no other changes in the 
circuit being required. 


@8-9 BIAS SUPPLIES 


Requirements — A bias supply is not called 
upon to deliver current to a load circuit but 
simply to furnish a fixed grid voltage to set the 
operating point of a tube (§ 3-3). However, in 
most applications it is nevertheless true that 
current flows through the bias supply, because 
such supplies are chiefly used in connection 
with power amplifiers of the Class-B and 
Class-C type where grid-current flow is a 
feature of operation (§ 3-4). In circuit design 
a bias supply resembles the rectified a.c. plate 
supply (§ 8-1), having a transformer-rectifier- 
filter system employing similar circuits. Bias 
supplies may be classified in two types, those 
furnishing only protective bias, intended to pre- 
vent excessive plate current flow in a power 
tube in case of loss of grid leak bias (§ 3-6) 
from excitation failure, and those which fur- 
nish the actual operating bias for the tubes. 
In the former type voltage regulation (§ 8-1) 
is relatively unimportant; in the latter it may 
be of considerable importance. 

In general, a bias supply should have well- 


filtered d.c. output, especially if it furnishes 


the operating bias for the stage, since ripple 
voltage may modulate the signal on the grid 
of the amplifier tube (§ 5-1). Condenser-input 
filters are generally used, since the regulation 
of the supply is not a function of the filter. 
The constants discussed in § 8-5 are appli- 
cable. 

Voltage regulation — A bias supply must 
always have a bleeder resistance (§ 8-4) con- 
nected across its output terminals to provide 
a d.c. path from grid to cathode of the tube 
being biased. Although the grid circuit takes 
no current from the supply, grid current flows 
through the bleeder resistor and the voltage 
across the resistor therefore varies with grid 
current. This variation in voltage is practically 
independent of the design of the bias supply 
unless special voltage-regulating means are 
used. 

Protective bias — This type of bias supply 
is designed to give an output voltage sufficient 
to bias the tube to which it is applied to or 
near the plate-current cut-off point (§ 3-2). A 
typical circuit is given in Fig. 807. The re- 
sistance FR, is the grid-leak resistor (§ 3-6) for 
the amplifier tube with which the supply is 
used, and the normal operating bias is devel- 
oped by the flow of grid current through this 


15O cuarrter cicur 





Fig. 807 — Supply for furnishing protective bias to a 
power amplifier. The transformer T’ should furnish a 
peak voltage at least equal to the protective bias re- 
quired. Other constants are discussed in the text. 


resistor. Reis connected in series with R; across 
the output of the supply to reduce the voltage 
across #y, when there is no grid-current flow, 
to the cut-off value for the tube being biased. 
Ry is given by the formula 

E, — E. 

i x Ri 
where H; is the output voltage of the supply 
with Re and f&, in series as a load, E, is the 
cut-off bias for the tube with which the supply 
is used, and R, is as described above. 

When such a supply is used with a Class-C 
amplifier, the voltage across Rk; from grid- 
current flow will normally be higher than that 
from the bias supply itself, since the latter is 
adjusted to cut-off while the operating bias 
will be twice cut-off or higher (§ 3-4). In some 
cases the grid-leak voltage may even exceed 
the peak output voltage of the transformer 
(1.41 times half the total secondary voltage, in 
the circuit shown). The filter condensers in 
such a bias supply must therefore be rated to 
stand the maximum operating bias voltage on 
the Class-C amplifier, if this voltage exceeds 
the nominal output voltage of the supply. 

Voltage stabilization — When the _ bias 
supply furnishes operating rather than simply 
protective bias, the value of bias voltage 
should be as constant as possible even when 
the grid current of the biased tube varies. A 
simple method of improving bias voltage 
regulation is to make the bleeder resistance 
low enough so that the current through it from 
the supply is several times the maximum grid 
current to be expected. By this means the per- 
centage variation in current is reduced. This 
method, however, requires that a considerable 
amount of power be dissipated in the bleeder, 
which in turn calls for a relatively large power 
transformer and filter choke. 

Bias voltage variation may also be reduced 
by means of a regulator tube, as shown in Fig. 
808. The regulator tube is usually a triode 
having a plate-current rating adequate to carry 
the expected grid current. It is cathode-biased 
(§ 3-6) by the resistor Ry, which is of the order 
of several hundred thousand ohms or a few 
megohms so that with no grid current the tube 


Rep = 


is biased practically to cut-off. Because of this 
high resistance, the grid current will flow 
through the plate resistance of the regulator 
tube, which is comparatively low, rather than 
through Ry and Re, hence the voltage from 
the supply across R; and the cathode-plate 
circuit of the regulator tube in series can be 





Fig. 808 — Automatic voltage regulator for bias sup- 
plies. For best operation the tube used should be one of 
high mutual conductance (§ 3-2). 


considered constant. The bias voltage is equal 
to the voltage across the tube alone. When grid 
current flows the voltage across the tube will 
tend to increase, hence the drop across FR; de- 
creases, lowering the bias on the regulator 
and reducing its plate resistance. This in turn 
reduces the tube voltage drop, and the bias 
voltage tends to remain constant over a fairly 
wide range of grid current values. 

At low bias voltages it may be necessary to 
use a number of tubes in parallel to get suffi- 
cient variation of plate resistance for good 
regulating action. The bias supply must fur- 
nish the required bias voltage plus the voltage 
required to bias the regulator tube to cut-off, 
considering the output bias voltage as the plate 
voltage applied to the regulator. The current 
taken from the bias supply is negligible. Re 
may be tapped to provide a range of bias volt- 
ages to meet different tube requirements. 

Multi-stage bias supplies — When several 
power amplifier tubes are to be biased from a 
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Fig. 809 — Isolating circuit for multiple-stage bias 
supply. 
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single supply, the various bias circuits must be 
isolated by some means. If the grid currents 
of all stages should flow through a single 
bleeder resistor a variation in grid current in 
one stage would change the bias on all, a 
condition which would interfere with effective 
adjustment and operation of the transmitter. 

When protective bias is to be furnished 
several stages, the circuit arrangement of Fig. 
809, using rectifier tubes to isolate the individ- 
ual grid-leaks of the various stages, may be 
employed. In the diagram two type 80 recti- 
fiers are used to furnish bias to four stages. 
Each pair of resistors (RiR2) constitutes a 
separate bleeder across the bias supply. Ri is 
the grid-leak for the biased stage; Re is a drop- 
ping resistor to adjust the voltage across Ry 
to the cut-off value (without grid-current 
flow) for the biased tube. The values of R; and 
R» may be calculated as described in the para- 
graph on protective bias. In this case the bias 
supply should be designed to have inherently 
good voltage regulation; i.e., a choke-input 
filter with appropriate filter and bleeder con- 
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Fig. 810 — Use of gaseous regulator tubes to stabilize 
bias voltage. 


stants (§ 8-6) should be used, the bleeder being 
separate from those associated with the rec- 
tifier tubes. When the voltage across Rik» 
rises because of grid-current flow through Aj, 
the load on the supply will vary (hence the 
necessity for good voltage regulation in the 
supply) but there is no interaction of grid cur- 
rents in the separate bleeders because the 
rectifiers can pass current in only one direction. 
eWVhen a single supply is to furnish operating 
bias for several stages, a separate regulator 
tube circuit (Fig. 808) may be used for each 
one. Individual voltages for the various stages 
may be obtained by appropriate taps on Re. 
Well-regulated bias for several stages may 
be obtained by the use of gaseous regulator 
tubes when the voltage and current ratings of 
the tubes permit their use. This is shown in 
Fig. 810. A single tube or two or more in series 
can be used to give the desired bias voltage 
drop; the bias supply voltage must be high 
enough to provide starting voltage for the 
tubes in series. Rj is the protective resistance 
(§ 8-8); its value should be calculated for mini- 
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mum stable tube current. The maximum grid 
current that can be handled is 20 to 25 milli- 
amperes with available regulator tubes. 


e3-10 MISCELLANEOUS POWER 
SUPPLY CIRCUITS 


Voltage dividers — A voltage divider is a 
resistance connected across a source of voltage 
and tapped at appropriate points from which 


voltages lower than the terminal voltage may - 


be taken (§ 2-6). Since the voltage at any tap 
depends upon the current drawn from the tap, 
the voltage regulation (§ 8-1) of such a divider 
is inherently poor. Hence a voltage divider is 
best suited to applications where the currents 
drawn are constant, or where separate voltage- 
regulating circuits (§ 8-8) are used to compen- 
sate for voltage variations at the taps. 

A typical voltage divider arrangement is 
shown in Fig. 811. The terminal voltage is EH, 
and two taps are provided to give lower volt- 
ages Hy and M2 at currents J; and J» respec- 
tively. The smaller the resistance between 
taps in proportion to the total resistance, the 
smaller the voltage between the taps. In ad- 
dition to the load currents J; and I» there 
is also the bleeder current, Jy. The voltage 
divider may be the bleeder for the power sup- 
ply. For convenience, the voltage divider in 
the figure is considered to be made up of 
separate resistances, Ri, Re, R3, between taps. 
R, carries only the bleeder current, Iy. Re 
carries J, in addition to Jy; Rg carries Io, [1 
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Fig. 811 — Typical voltage-divider circuit. 


and Jy. For the purpose of calculating the 
resistances required, a bleeder current J; must 
be assumed; generally it is low compared to 
the total load current (10% or so). Then 


; 
Ry = 2 
a 

E-E 
arenes 


the currents being expressed in amperes. 

The method may be extended to any de- 
sired number of taps, each resistance section 
being calculated by Ohm’s Law (§ 2-6) using 
the voltage drop across it and the total current 
through it. The power dissipated by each sec- 
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tion may be calculated by multiplying the 
same quantities together. 

In case it is desired to have the bleeder re- 
sistance total to a predetermined value, the 
same method of calculation may be followed, 
but different values of bleeder current should 
be tried until the correct result is found. 

Transformerless plate supplies — It is pos- 
sible to rectify the line voltage directly, with- 
out using a step-up power transformer, for 
certain applications (such as some types of re- 
ceivers) where the low voltage so obtained is 
satisfactory. A simple power supply system 
of this type, using a half-wave rectifier, is 
shown in Fig. 812. Tubes for this purpose are 
provided with heaters operating at relatively 
high voltages (25, 35, 70, or 115 volts) which 
can be connected across the line in series with 
other tube filaments and/or a resistor R of 
suitable value to limit the current to the rated 
value for the tube heater. The rectifier is often 





Fig. 812 — Transformerless plate supply with half- 
wave rectifier. 


incorporated in the same tube envelope with 
an audio power amplifier tube. 

The half-wave circuit shown has a funda- 
mental ripple frequency equal to the line fre- 
quency (§ 8-4) and hence requires more in- 
ductance and capacity in the filter for a given 
ripple percentage (§ 8-5) than the full-wave 
rectifier. A condenser-input filter is generally 
used, frequently with a second choke and 
third condenser (§ 8-5) to provide the neces- 
sary smoothing. 

A disadvantage of the transformerless cir- 
cuit is that no ground connection can be used 
on the power supply unless care is used to in- 
sure that the grounded side of the power line 
is connected to the grounded side of the supply. 
Receivers using this type of supply are gen- 
erally grounded through a low capacity (0.05 
ufd.) condenser to avoid short-circuiting the 
line should the line plug be inserted in the 
socket the wrong way. The input condenser 
should be at least 16 and preferably 32 wufd. 
to keep the output voltage high and to im- 
prove voltage regulation. 

Voltage-doubling circuits — The circuit 
arrangement of Fig. 813, frequently used in 
transformerless plate supplies, gives full-wave 
rectification combined with doubling of the 
output voltage. This is accomplished by using 
a double-diode rectifier, one section of which 
charges Cy when the line polarity between its 
plate and cathode is positive while the other 





Fig. 813 — Full-wave voltage-doubling transformer- 
less plate supply circuit. 


section charges C2 when the line polarity 
reverses. Hach condenser is thus charged sepa- 
rately to the same d.c. voltage, and they dis- 
charge in series into the load circuit. For ef- 
fective operation of this circuit the capacities 
of Cy and Cy must be at least 16 ufd. each and 
preferably higher. 

The ripple frequency with this circuit is 
twice the line frequency, since it is a full-wave 
circuit (§ 8-4). The voltage regulation is in- 
herently poor and depends critically upon the 
capacities of Cy and C2, being better as these 
capacities are made larger. A typical supply 
with 16 wfd. each at Cy and C2 will have an 
output voltage of approximately 300 at light 
loads, dropping to about 210 volts at 
the rated current of 75 milliamperes. 

No direct ‘ground can be used on this 
supply or on the equipment with which it 
is used. If an r.f. ground is made through 
a condenser, the condenser capacity 
should be small (about 0.05 ufd.) since it 
is in shunt from plate to cathode of one rec- 
tifier. A large capacity (low reactance) would 
by-pass the rectifier and thereby nullify its 
operation. 

Duplex plate supplies — In some cases it 
may be advantageous economically to obtain 
two plate supply voltages from a single power 
supply, making one or more of the components 
serve a double purpose. Two circuits of this 
type are shown in Figs. 814 and 815. 

In Fig. 814 a bridge rectifier is used to ob- 
tain the full transformer voltage, while a con- 
nection is also brought out from the center tap 











iar Supply 


to obtain a second voltage corresponding to 
half the total transformer secondary voltage. 
The sum of the currents drawn from the two 
taps should not exceed the d.c. ratings of the 
rectifier tubes and transformer. Filter values 
for each tap should be computed separately 
(§ 8-6). 

Fig. 815 shows how a transformer with 
multiple secondary taps may be used to obtain 
both high and low voltages simultaneously. A 
separate full-wave rectifier is used at each tap. 
The filter chokes are placed in the common 
negative lead, but separate filter condensers 
are required. The sum of the currents drawn 
from each tap must not exceed the transformer 
rating and the chokes must be rated to carry 
the total load current. Each bleeder resistance 
should have a value in ohms of 1000 times the 
maximum rated inductance in henrys of the 
swinging choke, Jy, for best regulation (§ 8-6). 

Rectifiers in parallel — Vacuum-type recti- 
fiers may be connected in parallel (plate to 
plate and cathode to cathode) for higher cur- 





Fig. 815 — Power supply circuit in which a single 
transformer and set of chokes serve for two different 
voltages. 


rent carrying capacity. No circuit changes are 
required. 

When mercury vapor rectifiers are connected 
in parallel, slight differences in tube character- 
istics may make one ionize at a slightly lower 
voltage than the other. Since the ignition volt- 
age is higher than the operating voltage, this 
means that the first tube to ionize carries the 
whole load, since the voltage drop is then too 
low to ignite the second tube. This condition 
can be prevented by connecting resistors of 
50 to 100 ohms in series with each plate as 
shown in Fig. 816, thereby insuring that a 
high-enough voltage for ignition will always 
be available. 


Fig. 814 — Combination 
bridge and center-tap recti- 
fier to deliver two output 
voltages with good regula- 
tion. 
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Fig. 816— Operating mercury-vapor rectifiers in 
parallel. Resistors marked R should have values be- 
tween 50 and 100 ohms. 


Vibrator power supplies — For portable 
or mobile work the most common source of 
power for both filaments and plates is the 6- 
volt automobile-type storage battery. Fila- 
ments may be heated directly from the battery, 
while plate power is obtained by passing cur- 
rent from the battery through the primary of 
a suitable transformer, interrupting it at regu- 
lar intervals to give the changing magnetic field 
required for inducing a voltage in the second- 
ary (§ 2-5), and rectifying the secondary out- 
put. The rectified output is pulsating d.c. which 
may be filtered by ordinary means (§ 8-5). 

Fig. 817 shows two types of circuits used, 
both with vibrating-reed interrupters (vibra- 
tors). At A is shown the non-synchronous type 
of vibrator. When the battery circuit is open 
the reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with the lower point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously the magnet 
coil is short-circuited and the reed swings back, 
and is carried by inertia into contact with the 
upper point, causing current to flow through 
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Fig. 817 — Vibrator power supply circuits. Constants 
and operation are discussed in the text. 
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the upper half of the transformer primary. 
The magnet coil is again energized and the 
cycle repeats itself, usually at a rate about 
equivalent to a 60-cycle supply frequency. 

The synchronous circuit of Fig. 817-B is 
provided with an extra pair of contacts which 
rectify the secondary output of the trans- 
former, thus eliminating the need for a sepa- 
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second- 
ary windings are correct. The proper connec- 
tions may be determined by experiment, re- 
versing the secondary connections if the first 
trial is wrong. 

The buffer condenser, Ce, across the trans- 
former secondary is used to absorb surges 
which would occur on breaking the current, 
when the magnetic field collapses- practically 
instantaneously and hence causes a very high 
voltage to. be induced in the secondary (§ 2-5). 
Its value is usually between 0.005 and 0.03 
ufd. and for 250-300 volt supplies should be 
rated at 1500 to 2000 volts d.c. The proper 
value is rather critical and should be deter- 
mined experimentally, the optimum value 
being that which results in least battery cur- 
rent for a given rectified d.c. output from the 
supply. 

Sparking at the vibrator contacts causes r.f. 
interference (‘‘hash’’) when such a supply is 
used with a receiver. This can be minimized by 
installing hash filters, consisting of RFC; and 
C; in the battery circuit, and RFC2 with C3 
in the d.c. output circuit. Cy is usually from 
0.5 to 1 ufd., a 50-volt rating being adequate. 
RFC, consists of about 50 turns wound to 
about half-inch diameter, No. 12 or No. 14 
wire being required to carry the rather heavy 
battery current without undue loss of voltage. 
C3 may be of the order of 0.01 to 0.1 ufd., 
and RFC: a 2.5-millihenry choke of ordinary 

design. Equally as important as 

the hash filter is thorough shield- 

ing of the power supply and its 
connecting leads, since even a 

+ small piece of wire or metal will 
radiate enough hash to cause in- 

paivire terference in a sensitive receiver. 
S Line-voltage adjustment — 
In some localities the line voltage 

may vary considerably from the nomi- 
nal 115 volts as the load on the power 
system changes. Since it is desirable to 
operate tube equipment, particularly 


+ filaments and heaters, at constant volt- 


age for maximum life, a means of ad- 


Is Smoothing Filter justing the line voltage to the rated 


value is desirable. It can be accom- 
plished by the circuit shown in Fig. 818, utiliz- 
ing a step-down transformer with a tapped 
secondary connected as an auto-transformer 


($ 2-9). The secondary should preferably be 
tapped in steps of two or three volts, and 
should have sufficient total voltage to com- 


Fig. 818 — Line-voltage 
compensation by means of 
tapped step-down _ trans- 
former. 
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pensate for the widest variations encountered. 
Depending upon the end of the secondary 
to which the line is connected, the voltage to 
the load can be made either higher or lower 
than the line voltage. A secondary winding 
capable of carrying five amperes or so will be 
adequate for loads up to 500 volt-amperes on 
a 115-volt line. 
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©9-1 RADIO WAVES 


Nature of radio waves — Radio waves are 
electromagnetic waves, consisting of traveling 
electrostatic and electromagnetic fields so re- 
lated to each other that the energy is evenly 
divided between the two, and with the lines of 
force in the two fields at right angles to each 
other in a plane perpendicular to the direction 
of propagation as shown in Fig. 901. Except 
for the difference in order of wavelength, they 
have the same nature as light’ waves, travel 
with the same speed (300,000,000 meters per 
second in space), and, similarly to light, can be 
reflected, refracted and diffracted. 

Polarization — The polarization of a radio 
wave is taken as the direction of the lines of 
force in the electrostatic field. If the direction 
of the electrostatic component is perpendicular 


to the earth, the wave is said to be vertically- 


polarized, while if the electrostatic component 
is parallel to the earth the wave is horizontally 
polarized. The electromagnetic component, 
being at right-angles to the electrostatic, there- 
fore has its lines of force vertical when the 
wave is horizontally polarized, and horizontal 
when the wave is vertically polarized. 
Reflection — Radio waves may be reflected 
from any sharply-defined discontinuity, of 


suitable characteristics and dimensions, in the - 


medium in which they are propagated. Any 
good conductor meets this requirement pro- 
vided its-dimensions are at least comparable 


Electrostatic lines of Force 





Magnetic _—7_ 
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Fig. 901 — Representation of electrostatic and elec- 
tromagnetic lines of force in a radio wave. Arrows indi- 
cate instantaneous directions of the fields for a wave 
traveling out of the page toward the reader. Reversing 
the direction of one set of lines would reverse the diree- 
tion of travel. 
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with the wavelength. The surface of the earth 
also forms such a discontinuity, and waves are 
readily reflected from the earth. 

Refraction — Refraction of radio waves is 
similar to the refraction of light; that is, the 
wave is bent when moving obliquely into a re- 
gion having a different refractive index from 
that of the region it leaves. This bending results 
because the velocity of propagation differs in 
the two regions, so that the part of the wave- 
front which enters first travels faster or slower 
than the part which enters the new region last, 
causing the wavefront to turn. 

Diffraction — When a wave grazes the edge: 
of an object in passing it is bent around the 
object. This bending is called diffraction. 

Ground and sky waves— Two types of 
waves occur, one traveling along the surface 
of the ground, the other traveling through the 
atmosphere and having no contact with the 
ground along most of its path. The former is 
called the ground wave, the latter the sky wave. 
The ground wave dies out rather rapidly, but 
the sky wave can travel to great distances, 
especially on high frequencies (short wave- 
lengths). 

Field strength — The intensity of the elec- 
trostatic field of the wave is called the field 
strength at the point of measurement. It is 
usually expressed in microvolts per meter, and 
is equivalent to the voltage induced in a wire 
one meter long placed with its axis parallel to 
the direction of polarization. 


e9-2 THE GROUND WAVE 


Description — The ground wave is continu- 
ously in contact with the surface of the earth 
and, in cases where the distance of transmis- 
sion makes the curvature of the earth impor- 
tant, is propagated by means of diffraction, 
with refraction in the lower atmosphere also 
having some effect. The ground wave is prac- 
tically independent of seasonal and day and 
night effects at high frequencies (above 1500 
ke.). 

Polarization — A ground wave must be 
vertically polarized because the electrostatic 
field of a horizontally-polarized wave would be 
short-circuited by the ground, which acts as a 
conductor at the frequencies for which the 
ground wave is of most interest. 

Ground characteristics and losses — The 


wave induces a current in the ground in travel- 
ing along its surface. If the ground were a per- 
fect conductor there would be no loss of energy, 
but actual ground has appreciable resistance so 
that the current flow causes some energy dis- 
sipation. This loss must be supplied by the 
wave, which is correspondingly weakened. 
Hence the transmitting range depends upon the 
ground characteristics. Because sea water is a 
good conductor, the range will be greater over 
the ocean than over land. The losses increase 
with frequency, so that the ground wave is 
rapidly attenuated at high frequencies and 
above about 2 megacycles is of little im- 
portance except in purely local communi- 
cation. 

Range of ground wave — At frequencies in 
the vicinity of 2 megacycles the ground wave 
range is of the order of 200 miles over average 
land and perhaps two or three times as far over 
sea water, for a medium-power transmitter (500 
watts or so) using a good antenna. At higher 
frequencies the range drops off rapidly, and 
above 4 megacycles the ground wave is useful 
only for work over quite short distances. 


e9-3 THE IONOSPHERE 


Description — Since a sky wave leaving the 
transmitting antenna has to travel upward 
with respect to the earth’s surface, it would 
simply continue out into space if its path were 
not bent sufficiently to bring it back to the 
earth. The medium which causes such bending 
is the tonosphere, a region in the upper atmos- 
phere where free ions and electrons exist in 
sufficient quantity to cause a change in the re- 
fractive index. Ultraviolet radiation from the 
sun is considered to be responsible for the ioni- 
zation. The ionosphere is not a single region 
but consists of a series of ‘‘layers’’ which occur 
at different heights, each layer consisting of a 
central region of ionization which tapers off 
in intensity both above and below. 

Refraction, absorption, reflection — For a 
given intensity of ionization the amount of re- 
fraction becomes less as the frequency of the 
wave becomes higher (shorter wavelength). 
The bending is therefore smaller at high than at 
low frequencies, and if the frequency is raised 
to a high-enough value the bending eventually 
will become too slight to bring the wave back 
to earth, even when it enters the ionosphere at 
a very small angle to the ‘“‘edge”’ of the ionized 
zone. At this and higher frequencies long-dis- 
tance communication becomes impossible. 


The greater the intensity of ionization the - 


greater the bending on a given frequency. Thus 
an increase in ionization increases the maxi- 
mum frequency which can be bent sufficiently 
for long-distance communication. The wave 
loses some energy in the ionosphere, and this 
energy loss increases with ionization density 
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and the wavelength. Unusually high ionization 
may cause complete absorption of the wave 
energy, especially when the ionization is high 
in the lower regions of the ionosphere and be- 
low the lowest normally-useful layer. When the 
wave is absorbed in the ionosphere it is no 
more useful for communication than if it had 
passed through without sufficient bending to 
bring it back to earth. 

In addition to refraction, reflection may take 
place at the lower boundary of a layer, if that 
boundary is well-defined; i.e., if there is an 
appreciable change in ionization within a rela- 
tively short interval of distance. For waves 
approaching the layer at or near the perpendic- 
ular, the change in ionization must take place 
within a difference in height comparable to the 
wavelength, hence reflection is more apt to 
occur at longer wavelengths (lower frequencies). 

Critical frequency — When the frequency is 
low enough, a wave sent vertically upward to 
the ionosphere will be bent sufficiently to re- 
turn to the transmitting point. The highest 
frequency at which this occurs, for a given 
state of the ionosphere, is called the critical 
frequency. It serves as an index for transmis- 
sion conditions, although it is not the highest 
useful frequency since waves which enter the 
ionosphere at smaller angles than 90 degrees 
(vertical) will be bent sufficiently to return to 
earth. The maximum usable frequency, for 
waves leaving the earth at very small angles 
to the horizontal, is in the vicinity of three 
times the critical frequency. 

Besides being directly observable, the critical 
frequency is of more practical interest than 
ionization density because it includes the 
effects of absorption as well as refraction. 

Virtual height — Although a layer is a re- 
gion of considerable depth, it is convenient to 
assign to it a definite height, called the virtual 
height. The virtual height is the height from 





Fig. 902 — Bending in the ionosphere and method of 
determining virtual height. 


which a pure reflection would give the same 
effect as the refraction which actually takes 
place. This is illustrated in Fig. 902. The wave 
traveling upward is bent back over a path hav- 
ing appreciable radius of turning, and a meas- 
urable interval of time is consumed in the turn- 
ing process. The virtual height is then the 
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height of the triangle formed as shown, having 
equal sides of a total length equivalent to the 
actual time taken for the wave to travel from 
T to R. 

The E layer — The lowest normally-useful 
layer is called the F layer. Its average height 
(maximum ionization) is about 70 miles. The 
ionization density is greatest around local 
noon, and the layer is only weakly ionized at 
night when the radiation from the sun is not 
present. This is because the air at this height 
is sufficiently dense so that free ions and elec- 
trons very quickly meet and recombine. 

The F, F, and F, layers — The second prin- 
cipal layer is the F, which is at a height of about 
175 miles at night. In this region the air is so 
thin that recombination of ions and electrons 
takes place very slowly, since the particles can 
travel relatively great distances before meeting. 
The ionization decreases after sundown, reach- 
ing a minimum just before sunrise. In the day- 
time the F layer splits into two layers, the F; 
and Fs, at average virtual heights of about 140 
miles for the F; and around 200 miles for the Fe. 
These are most highly ionized at about local. 
noon, and merge again at sunset into the F 
layer. 

Seasonal effects — In addition to day and 
night variations, there are also seasonal changes 
in the ionosphere as the quantity of radiation 
received from the sun changes. Thus the H 
layer has higher critical frequencies in the sum- 
mer (about 4 Mce., average, in daytime) than 
in the winter, when the critical frequency is 
near 3 Me. The F layer shows little variation, 
the critical frequency being of the order of 4 to 
5 Me. in the evening. The F layer, which has a 
critical frequency in the neighborhood of 5 
Me. in summer, usually disappears in winter. 
The critical frequencies are highest in the F»2 
layer in winter (11 to 12 Mc.) and lowest in 
summer (around 7 Mc.). The virtual height of 
the F2 layer is also less in winter (around 
185 miles) than in summer (average 250 miles). 

In the spring and fall a transition period 
occurs, and conditions in the ionosphere are 
more variable at these times of the year. 

Sunspot cycles — The critical frequencies 
mentioned in the preceding paragraph are 
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mean values, since the ionization also varies 
with the 11-year sunspot cycle, being higher 
during times of greatest sunspot activity. Criti- 
eal frequencies are highest during sunspot 
maxima and lowest during sunspot minima. 
The HE eritical frequency does not change 
greatly, but the F and F» critical frequencies 
change in a ratio of about 2 to 1. 

Magnetic storms and other disturbances 
— Unusual disturbances in the earth’s mag- 
netic field (magnetic storms) usually are ‘ac- 
companied by disturbances in the ionosphere, 
when the layers apparently break up and ex- 
pand. There is usually also an increase in ab- 
sorption during such a period. Radio transmis- 
sion is poor and there is a drop in critical fre- 
quencies so that lower frequencies must be 
used for communication. A storm-may last for 
several days. 

Unusually high ionization in the region of 
the atmosphere below the normal ionosphere 
may increase absorption to such an extent that 
sky-wave transmission becomes impossible on 
high frequencies. The length of such a disturb- 
ance may be several hours, with a gradual fall- 
ing off of transmission conditions at the begin- 
ning and an equally gradual building up at the 
end of the period. Fadeouts, similar to the above 
in effect, are caused by sudden disturbances on 
the sun. They are characterized by very rapid 
ionization, with sky-wave transmission dis- 
appearing almost instantly, occur only in 
daylight, and do not last as long as the first type 
of absorption. 


e9-4 THE SKY WAVE 


Wave angle (angle of radiation) — The 
smaller the angle at which the wave leaves: 
the earth, the smaller the bending required 
in the ionosphere to bring it back and, in gen- 
eral, the greater the distance between the point 
where it leaves the earth and that at which it 
returns (§ 9-3). This is shown in Fig. 903. The 
vertical angle which the wave makes with a 
tangent to the earth is called the wave angle, or 
angle of radiation, the latter term being used 
more in connection with transmitting than 
receiving. 

Skip distance — Since more bending is re- 


Fig. 903 — Refraction of sky waves, 
showing critical wave angle and skip zone. 


quired to return the wave to earth when the 
wave angle is high, it is found that at high fre- 
quencies the refraction frequently is not great 
enough to give the required bending unless 
the wave angle is smaller than a certain angle 
called the critical angle. This is shown in Fig. 
903, where wave angles A and lower give useful 
signals, but waves sent at higher angles travel 
through the layer and do not return. The dis- 
tance between T and Rj, is therefore the short- 
est possible distance over which sky-wave com- 
munication can be carried on. The area be- 
tween the end of the useful ground wave and 
the beginning of sky-wave reception is called 
the skip zone. The skip distance depends upon 
the frequency and the state of the ionosphere 
and is greater the higher the transmitting fre- 
quency and the lower the critical frequency 
(§ 9-3). It also depends upon the height of the 
layer in which the refraction takes place, the 
higher layers giving longer distances for the 
same wave angle. The wave angles at the trans- 
mitting and receiving points are usually, 
although not necessarily, approximately the 
same for a given wave path. 

It is readily possible for the sky wave to 
pass through the # layer and be refracted back 
to earth from the F, Fy or Fy», layers. This is 
because the critical frequencies are higher 
in the latter layers, so that a signal too high in 
frequency to be returned by the H# layer can 
still come back from the Ff), 2 or F, depending 
upon the time of day and the conditions exist- 
ing. Depending upon the wave angle and fre- 
quency, it is also possible to have communica- 
tions via either the H or F-F, layers on the 
same frequency. 

Multi-hop transmission — On returning to 
earth the wave can be reflected (§9-1) up- 
ward and travel again to the ionosphere where 
refraction once more takes place, again with 
bending back to the earth. This process, which 
can be repeated several times, is necessary for 
transmission over great distances because of 
the limited heights of the layers and the curva- 
ture of the earth, since at the lowest useful 
wave angles (of the order of a few degrees, 
waves at smaller angles generally being ab- 
sorbed rapidly at high frequencies by being in 
contact with the earth) the maximum one-hop 
distance is about 1250 miles with refraction 





Fig. 904 — Multi-hop transmission. 
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from the # layer, and around 2500 miles from 
the fF’, layer. Ground losses absorb some of the 
energy from the wave on reflection, the amount 
of loss varying with the type of ground and 
being least for reflection from sea water. When 
the distance permits, it is better to have one 
hop rather than several, since the multiple re- 
flections introduce losses which are higher than 
those caused by the ionosphere. 

Multi-hop transmission is shown in Fig. 904, 
two- and three-hop paths being indicated. 

Fading — Two or more parts of the wave 
may follow slightly different paths in traveling 
to the receiving point, in which case the dif- 
ference in path lengths will cause a phase 
difference to exist between the wave compo- 
nents at the receiving antenna. The field 
strength may therefore have any value be- 
tween the numerical sum of the components 
(when they are all in phase) and zero (when 
there are only two components and they are 
exactly out of phase). Since the paths change 
from time to time this causes a variation in 
signal strength called fading. Fading can also 
result from the combination of single-hop 
and multi-hop waves, or the combination of a 
ground wave and sky wave. The latter condi- 
tion gives rise to an area of severe fading near 
the limiting distance of the ground wave, better 
reception being obtained at both shorter and 
longer distances where one component or 
the other is considerably stronger. Fading may 
be rapid or slow, the former type usually re- 
sulting from rapidly changing conditions in the 
ionosphere, the latter occurring when trans- 
mission conditions are relatively stable. 


@9-5 ULTRA-HIGH-FREQUENCY 
PROPAGATION 


Direct ray —In the ultra-high frequency 
part of the spectrum (above 30 megacycles) the 
bending of the waves in the normal ionosphere 
layers is so slight that the sky wave (§ 9-4) does 
not ordinarily play any part in communica- 
tion. The ground-wave (§ 9-2) range also is ex- 
tremely limited because of high absorption in 
the ground at these frequencies. Normal u.h.f. 
transmission is by means of a direct ray, or 
wave traveling directly from the transmitter 
to the receiver through the atmosphere. Since 
the energy lost in ground absorption by a wave 
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traveling close to the ground decreases very 
rapidly with its height in wavelengths above 
ground, an ultra-high-frequency wave can be 
relatively close (in physical height) to the 
ground without suffering the absorption effects 
which would occur at the same physical heights 
on longer wavelengths. 

Since the wave travels practically in a 
straight line, the maximum signal strength can 
be obtained only when there is an unobstructed 
atmospheric path between the transmitter and 
receiver. This means that the transmitting and 
receiving points should be sufficiently high to 
provide such a path, and on long paths the 
curvature of the earth must be taken into 
account as well as the intervening terrain. 

Reflected ray —In addition to the direct ray, 
part of the wave strikes the ground between 
the transmitter and receiver and is reflected 
upward at a slight angle to produce a reflected- 
ray component at the receiver. This is shown in 
Fig. 905. The reflected ray is more or less out 
of phase with the direct ray, hence the net 
field strength at the receiving point is less 
than that of the direct ray alone. The cancel- 
ing effect of the reflected ray depends upon 
the heights of the transmitter and receiver 
above the point of reflection, the ground losses 
when reflection takes place, and the frequency, 


Direct wave R 
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Fig. 905 — Direct and reflected waves in u.h-f. trans- 
mission. 


decreasing with an increase in any of these 
factors. 

Atmospheric refraction — There is nor- 
mally some change in the refractive index of 
the air with height above ground, its nature 
being such as to cause the waves to bend 
slightly towards the ground. Where curvature 
of the earth must be considered, this has the 
effect of lengthening the distance over which 
it is possible to transmit a direct ray. It is 
convenient to consider the effect of this “‘nor- 
mal” refraction as equivalent to an increase 
in the earth’s radius in determining the trans- 
mitting and receiving heights necessary to pro- 
vide a clear path for the wave. The equivalent 
radius, taking refraction into account, is 4/3 
the actual radius. 

Range vs. height — The height required to 
provide a clear path (“line of sight’”’) over level 
ground from an elevated transmitting point 
to a receiving point on the surface, not includ- 
ing the effect of refraction, is 


dq? 
~ 1.51 
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Fig. 906 — Chart for determining line-of-sight dis- 
tance for u.h.f. transmission. Solid line includes effect of 
refraction, dotted line is the optical distance. 


where h is the height in feet and d the distance 
in miles. Conversely, the line of sight distance 
in miles for a given height in feet is equal to 
1.23-/h. Taking refraction into account, the 
latter equation becomes 1.41./h. The graph 
of Fig. 906 gives the answer directly when one 
quantity is known. 

When transmitter and receiver are both ele- 


‘vated the maximum direct ray distance to 


ground level as given by the formulas can be 
determined separately for each. Adding the 
two distances so obtained together will give 
the maximum distance by which they can be 
separated for direct-ray communication. This 
is shown in Fig. 907. 

Diffraction — At distances beyond the 
direct-ray path, the wave is diffracted around 
the curvature of the earth. The diffracted 
wave is attenuated very rapidly, so that be- 
yond the maximum direct-ray distance the 
signal strength decreases considerably faster 





Fig. 907 — Method of determining total line-of-sight 
distance when both transmitter and receiver are ele- 
vated. Since only earth curvature is taken into account 
in Fig. 906, irregularities in the ground between the 
transmitting and receiving points must be considered 
for each actual path, 


with distance than it does within the direct- 
ray path. 


09-6 TROPOSPHERE REFRACTION 


Temperature inversions — The refractive 
index of the lower atmosphere depends prin- 


cipally upon the temperature, moisture con- 


tent and pressure. Of the three, only tempera- 
ture differences cause a large enough change 
in refractive index to refract ultra-high fre- 
quency waves in such a way as to extend the 
distance range beyond the normal direct-ray 
and diffracted-wave ranges discussed in the 
preceding section. This occurs when there is a 
“temperature inversion,’ or a layer of warm 
air over cooler air near the ground. Tempera- 
ture inversions are relatively frequent in the 
summer, and usually occur at heights from a 
few thousand feet to two miles or so above the 
ground. 

Lower atmosphere bending — When there 
is a sufficiently marked temperature inver- 
sion; i.e., a rapid rise of temperature with 
height, a wave is refracted back to earth in 
much the same way as in the ionosphere, al- 
though the cause of the change in refractive 
index is different. The amount of bending is 
small compared to the bending in the iono- 
sphere. Consequently the wave angle (§ 9-4) 
must be quite low (zero or nearly so), but since 
the bending takes place at a low altitude it is 
possible to extend the range of u.h.f. signals 
to several hundred miles when both transmitter 
and receiver are well below the line of sight. 

Fig. 908 illustrates the conditions existing 
when the air is ‘‘normal’’ and when a tempera- 
ture inversion is present. Since the bending 
is relatively small, it is advantageous to have 
as much height as possible at both the receiv- 
ing and transmitting points, even though these 
heights may be considerably less than those 
necessary for “‘line of sight’’ transmission. 

Frequency effects — The amount of bend- 
ing is greater at longer wavelengths (lower 
frequencies) but is not usually observed at fre- 
quencies much below 28 Mc., partly because it 
is masked by other effects. The upper limit of 
frequency at which useful bending ceases is 
not known, but transmission by this means is 
frequent on 56 and 112 Me. 


e9-7 SPORADIC-E IONIZATION 


Description — Under certain conditions 
small regions or ‘‘patches”’ of unusually dense 
ionization may appear in the H# layer of the 
ionosphere, for reasons not yet clearly under- 
stood. This is known as sporadic E ionization, 
and the change in refractive index in such a 
patch or cloud is frequently great enough to 
cause waves having frequencies as high as 
60 Me. to be bent back to earth. The dimen- 
sions of.a sporadic # cloud are relatively small, 
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Fig. 908 — Effect of a temperature inversion in ex- 
tending the range of u.h.f. signals. 


hence communication by means of it is re- 
stricted to transmitting and receiving locali- 
ties so situated with respect to the cloud and to 
each other that a refracted wave path is 
possible. 

The abnormal ionization usually disappears. 
in the course of a few hours. Sporadie F ioniza- 
tion is more frequent in the summer than win- 
ter, and may occur at any time of the day or 
night. 

Transmission characteristics — Sporadic E 
refraction may take place at all frequencies 
up to the region of 60 megacycles. At the pres- 
ent time there are no known cases of such 
refraction on 112 Mc. When sporadic E ioniza- 
tion is present, skip distance is greatly reduced 
(when a wavepath via the cloud is possible to 
a given receiving location) on the frequencies 
where transmission is normally by means of the 
F, Fy and F» layers; that is, from about 3.5 
to 30 megacycles at night. The skip zone may 
in fact disappear entirely over most of the 
high-frequency spectrum, since the critical 
frequencies may rise to as high as 12 Me. for 
sporadic E. 

At ultra-high frequencies the bending is rela- 
tively small compared to lower frequencies, and 
only wave angles of the order of 5 degrees 
and less are useful in most cases. The trans- 
mitting and receiving points thus must be 
sufficiently distant from the cloud to enable 
a wave leaving the transmitter at such angles 
to strike it, and the cloud should be approxi- 
mately on, and near the center of, the line 
joining the transmitter and receiver. Unless the 
ionization is extremely intense, the minimum 
distance of transmission on 56 Me. is of the 


‘order of 800 miles and the maximum distance 


about 1250 miles. 

Multi-hop transmission by means of two 
sporadic # clouds properly situated with re- 
spect to a transmitter and receiver is possible, 
but rather rare. Distances up to 2500 miles or 
so have been attained on 56 Me. by this means. 
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e10-1 ANTENNA PROPERTIES 

Wave propagation and antenna design — 
For most effective transmission, the propaga- 
tion characteristics of the frequency under 
consideration must be given due consideration 
in selecting the type of antenna to use. These 
have been discussed in Chapter 9. On some 
frequencies the angle.of radiation and polariza- 
tion may be of relatively little importance; on 
others they may be all-important. On a given 
frequency, the type of antenna best suited for 
long-distance transmission may not be as 
good as a different type for shorter-range 
work. 

The important properties of an antenna or 
antenna system are its polarization, angle of 
radiation, impedance, and directivity. 

Polarization — The polarization of a 
straight-wire antenna is its position with re- 
spect to the earth. That is, a vertical wire 
transmits vertically polarized waves and a 
horizontal antenna generates horizontally 
polarized waves (§ 9-1). The wave from an 


antenna in a slanting position contains both 


vertical and horizontal components. 

Angle of radiation— The wave angle 
(§ 9-4) at which an antenna radiates best is 
determined by its polarization, height above 
ground, and the nature of the ground. Radia- 
tion is not all at one well-defined angle, but 
rather is dispersed over a more or less large 
angular region, depending upon the type of 
antenna. The angle is measured in a vertical 
plane with respect to a tangent to the earth 
at the transmitting point. 

Impedance — The impedance (§ 2-8) of the 
antenna at any point is the ratio of current to 
voltage at that point. It is important in con- 
nection with feeding power to the antenna, 
since it constitutes the load resistance repre- 
sented by the antenna. At high frequencies 
it consists chiefly of radiation resistance 
(§ 2-12). It is understood to be measured at a 
current loop (§ 2-12) unless otherwise speci- 
fied. 

Directivity — All antennas radiate more 
power in certain directions than im others. 
This characteristic, called directivity, must be 
considered in three dimensions, since direc- 
tivity exists in the vertical plane as well as in 
the horizontal plane. Thus the directivity of 
the antenna will affect the wave angle as well 
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as the actual compass directions in which 
maximum transmission takes place. 

Current — The field strength produced by 
an antenna is proportional to the current flow- 
ing in it. Since standing waves are generally 
present on an antenna, the parts of the wire 
carrying the higher current therefore have the 
greatest radiating effect. 

Power gain — The ratio of power required 
to produce a given field strength with a ‘‘com- 
parison”? antenna, to the power required to 
produce the same field strength with a specified 
type of antenna is called the power gain of the 
latter antenna. It is used in connection with 
antennas intentionally designed to have direc- 
tivity, and is measured in the optimum direc- 
tion of the antenna under test. The comparison 
antenna is almost always a half-wave antenna 
having the same polarization as the antenna 
under consideration. Power gain is usually 
expressed in decibels (§ 3-3). 


@10-2 HALE-WAVE ANTENNA 


Physical and electrical length — The fun- 
damental form of antenna is a single wire 
whose length is approximately equal to half 
the transmitting wave-length. It is the unit 
from which many more complex forms of an- 
tennas are constructed. It is sometimes known 
as a Hertz or doublet antenna. 

The length of a half wave in space is 


492 
Freq. (Mc.) 


The actual length of a half-wave antenna 
will not be exactly equal to the half wave- 
length in space but is usually about 5% less, 
because of capacitance at the ends of the wire 
(end effect). The reduction factor increases 
slightly as the frequency is increased. Under 
average conditions, the following formula will 
give the length of a half-wave antenna to suffi- 
cient accuracy, for frequencies up to 30 Me. 


length (feet) = (1) 


Length of half-wave antenna (feet) = 
492 X 0.96 = 468 
Freq. (Mc.) ‘Freq. (Mc.) 


At 56 Mc. and higher frequencies the some- 
what larger end effects cause a slightly greater 
reduction in length, so that for these frequen- 
cies, 


(2) 


Length of half-wave antenna (feet) = 


492 X 0.94 = 462 (3) 
Freq. (Mc.) ‘Freq. (Mc.) 
: a 5540 

or length (inches) = i. Om) (ie) (4) 


Current and voltage distribution — When 
power is fed to such an antenna the current and 
voltage vary along its length (§ 2-12). The 
distribution, which is practically a sine curve, 
is shown in Fig. 1001. The current is maximum 
at the center and nearly zero at the ends, 
while the opposite is true of the r.f. voltage. 


ee Voltage, 
<4 


Current 
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Fig. 1001 — Current and voltage distribution on a 
half-wave antenna. 


The current does not actually reach zero at the 
current nodes, (§ 2-12) because of the end 
effect; similarly, the voltage is not zero at its 
node because of the resistance of the antenna, 
which consists of both the r.f. resistance of the 
wire (ohmic resistance) and the radiation re- 
sistance (§ 2-12). Usually the ohmic resistance 
of a half-wave antenna is small enough, in 
comparison with the radiation resistance, to 
be neglected for all practical purposes. 

Impedance — The radiation resistance of a 
half-wave antenna in free space — that is, 
sufficiently removed from surrounding objects 
so that they do not affect the antenna’s charac- 
teristics —is 73 ohms, approximately. The 
value under practical conditions will vary with 
the height of the antenna, but is commonly 
taken to be in the neighborhood of 70 ohms. It 
is pure resistance, and is measured at the center 
of the antenna. The impedance is minimum at 
the center, where it is equal to the radiation 
resistance, and increases toward the ends 
(§ 10-1). The end value will depend on a num- 
ber of factors such as the height, physical con- 
struction, and the position with respect to 
ground. 

Conductor size — The impedance of the 
antenna also depends upon the diameter of the 
conductor in relation to its length. The figures 
above are for wires of practicable sizes. If the 
diameter of the conductor is made large, of the 
order of 1% or more of the length, the imped- 
ance at the center will be raised and the im- 
pedance at the ends decreased. This increase in 
center impedance (of the order of 50% for a 
diameter /length ratio of 0.025) is accompanied 
by a decrease in the Q (§ 2-10, 2-12) of the 
antenna, so that the resonance curve is less 
sharp. Hence the antenna is capable of working 
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over a wider frequency range. The effect is 
greater as the diameter/length ratio is in- 
creased, and is a property of some importance 
at ultra-high frequencies where the wavelength 
is small. 

Radiation characteristics — The radia- 
tion from a half-wave antenna is not uniform 
in all directions but varies with the angle 
with respect to the axis of the wire. It is most 
intense in directions at right-angles to the wire, 
and zero along the direction of the wire it- 
self, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 1002, 
which represents the radiation pattern in free 
space. The relative intensity of radiation is pro- 
portional to the length of a line drawn from the 
center of the figure to the perimeter. If the an- 
tenna is vertical, as shown in the figure, then 
the field strength (§ 9-1) will be uniform in all 
horizontal directions; if the antenna is hori- 
zontal, the relative field strength will depend 
upon the direction of the receiving point with 
respect to the direction of the antenna wire. 


@10-3 GROUND EFFECTS 


Reflection — When the antenna is near the 
ground the free-space pattern of Fig. 1002 
is modified by reflection of radiated waves 
from the ground, so that the actual pattern is 
the resultant of the free-space pattern and 
ground reflections. This resultant is dependent 
upon the height of the antenna, its position or 
orientation with respect to the surface of the 
ground, and the electrical characteristics of the 
ground. The reflected waves may be in such 
phase relationship to the directly-radiated 


Fig. 1002 —Free-space radiation pattern of half- 
wave antenna. The antenna is shown in the vertical 
position. This is a cross-section of the solid pattern de- 
scribed by the figure when rotated on its axis (the an- 
tenna). The “doughnut” form of the solid pattern can 
easily be visualized by imagining the drawing glued to 
cardboard, with a short length of wire fastened on to 
represent the antenna. Then twirling the wire will give a 
visual representation of the solid pattern. 


waves that the two completely reinforce each 
other, or the phase relationship may be such 
that complete cancellation takes place. All 
intermediate values also are possible. Thus the 
effect of a perfectly-reflecting ground is such 
that the original free-space field strength may 
be multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. Since waves are always 
reflected upward from the ground (assuming 
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that the surface is fairly level) these reflections 
only affect the radiation pattern in the vertical 
plane — that is, in directions upward from the 
earth’s surface — and not in the horizontal 
plane, or the usual geographical directions. 
Fig. 1003 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas. 
As the height is increased the angle at which 
complete reinforcement takes place is lowered 
until it occurs at a vertical angle of 15 degrees 
for a height equal to one wavelength. At still 
greater heights not shown on the chart the 
first maximum will occur at still smaller angles. 


2.0 
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Fig. 1003 — Effect of ground on radiation at vertical 
angles for four antenna heights. This chart applies only 
to horizontal antennas, and is based on perfectly con- 
ducting ground. 


When the half-wave antenna is vertical the 
maximum and minimum points in: the curves 
of Fig. 1003 exchange positions, so that the 
nulls become maxima, and vice versa. In this 
case, the height is taken as the distance from 
ground to the center of the antenna. 

Radiation angle — The vertical angle, or 
angle of radiation, is of primary importance, 
especially at the higher frequencies (§ 9-4, 9-5). 
It is therefore advantageous to erect the an- 
tenna at a height which will take advantage of 
ground reflection in such a way as to reinforce 
the space radiation at the most desirable angle. 


Since low radiation angles usually are desirable,. 


this generally means that the antenna should 
be high; at least 14 wavelength at 14 Mc. and 
preferably 34 or 1 wavelength; at least 1 wave- 
length and preferably higher at 28 Mc. and the 
ultra-high frequencies. The physical height de- 
creases as the frequency is increased so that 
good heights are not impracticable; a half 
wavelength at 14 Me. is only 35 feet, approxi- 
‘mately, and the same height represents a full 
wavelength at 28 Mc. At 7 Me. and lower, 
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the higher radiation angles are effective so 
that again a reasonable antenna height is 
not difficult of attainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures generally being preferable if 
circumstances permit their use. 

Imperfect ground — Fig. 1003 is based on 
a ground having perfect conductivity, which is 
not met with in practice. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-frequency 
radiation at angles smaller than a few degrees 
is practically impossible to obtain at heights of 
less than several wavelengths. Above 15 de- 
grees, however, the curves are accurate enough 
for all practical purposes, and may be taken as 
indicative of the sort of result to be expected 
at angles between 5 and 15 degrees. 

The effective ground plane — that is, th 
plane from which ground reflections can be 
considered to take place — seldom is the actual 
surface of the ground but is a few feet below it, 
depending upon the character of the soil. 

Impedance — Waves which are reflected 
directly upward from the ground induce a 
current in the antenna in passing and, depend- 
ing on the antenna height, the phase relation- 
ship of this induced current to the original 
current may be such as either to increase or 
decrease the total current in the antenna. For 
the same power input to the antenna, an in- 
crease in current is equivalent to a decrease in 
impedance, and vice versa. Hence the im- 
pedance of the antenna varies with height. 
The theoretical curve of variation of radiation 
resistance for an antenna above perfectly- 
reflecting ground is shown in Fig. 1004. The 
impedance approaches the free-space value as 
the height becomes large, but at low heights 
may differ considerably from it. 

Choice of polarization — Polarization of 
the transmitting antenna is generally unimpor- 
tant on frequencies between 3.5 and 30 Mc. 
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Fig. 1004 — Radiation resistance of a half-wave hori- 
zontal antenna as a function of height above perfectly - 
reflecting ground. 


However, the question of whether the antenna 
should be installed in a horizontal or vertical 
position deserves consideration on other 
counts. A vertical half-wave antenna will radi- 
ate equally well in all horizontal directions, so 
that it is substantially non-directional in the 
usual sense of the word. If installed horizon- 
tally, however, the antenna will tend to show 
directional effects, and will radiate best in the 
direction at right-angles, or broadside, to the 
wire. The radiation in such a case will be least 
in the direction toward which the wire points. 
This can be seen readily by imagining that Fig. 
1002 is lying on the ground and that the pat- 
tern is looked at from above. 

The vertical angle of radiation also will be 
affected by the position of the antenna. If it 
were not for ground losses at high frequencies, 
the vertical half-wave antenna would be pre- 
ferred because it would concentrate the radia- 
tion horizontally. Practically, this theoretical 
advantage over the horizontal antenna is of 
little or no consequence. 

At 1.75 Me. vertical polarization will give 
more low-angle radiation, and hence is better 
for long-distance transmission; at this fre- 
quency the ground wave also is useful and must 
be vertically polarized. On ultra-high frequen- 
cies, direct-ray and lower troposphere trans- 
mission require the same type of polarization 
at both receiver and transmitter, since the 
waves suffer no appreciable change in polariza- 
tion in transmission (§ 9-5, 9-6). Either vertical 
or horizontal polarization may be used, the 
latter being slightly better for longer distances. 

Effective radiation patterns — In deter- 
mining the radiation pattern it is necessary to 
consider radiation in both the horizontal and 


Fig. 1005 — Ulustrating the 
importance of vertical angle of ¢ 
radiation in determining antenna 
directional effects. Ground re- 


flection is neglected in this 8 
drawing. “ 0 
CLM 7: 


vertical planes. When the half-wave antenna is 
vertical, the vertical angle of radiation chosen 
does not affect the shape of the horizontal pat- 
tern, but only its relative amplitude. When the 
antenna is horizontal, however, both the shape 
and amplitude are dependent upon the angle of 
radiation chosen. 

Fig. 1005 illustrates this point. The ‘‘free- 
space” pattern of the horizontal antenna 
shown is a section cut vertically through the 
solid pattern. In the direction OA, horizontally 
along the wire axis, the radiation is zero. At 
some vertical angle represented by the line 
OB, however, the radiation is appreciable, 
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despite the fact that this line runs in the same 
geographical direction as OA. At some higher 
angle OC the radiation, still in the same geo- 
graphical direction, is still more intense. The 
effective radiation pattern therefore depends 





Fig. 1006 — Horizontal pattern of a horizontal half- 
wave antenna at three vertical radiation angles. Solid 
line is relative radiation at 15 degrees. Dotted lines show 
deviation from the 15-degree pattern, for angles of 9 
and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi- 
mum amplitudes necessarily are the same. The arrow 
indicates the direction of the antenna wire. 


upon the angle of radiation most useful and 
for long-distance transmission is dependent 
upon the conditions existing in the ionosphere. 
These conditions may vary not only from day 
to day and hour to hour, but even from minute 
to minute. Obviously, then, the effective direc- 
tivity of the antenna will change along with 
transmission conditions. 

At ultra-high frequencies, where only ex- 
tremely low angles are useful for any but 
sporadic-E transmission (§ 9-7) the effective 
radiation pattern of the antenna approaches 
the free-space pattern. A horizontal antenna 
therefore shows more marked directive effects 
than it does at lower frequencies, on which high 
radiation angles are effective. 

Theoretical horizontal-directivity patterns 
for half-wave horizontal antennas at vertical 
angles of 9, 15, and 30 degrees’ (representing 
average useful angles at 28, 14 and 7 Mc. 
respectively) are given in Fig. 1006. At inter- 
mediate angles the values in the affected re- 
gions also will be intermediate. Relative field 
strengths are plotted on a decibel scale (§ 3-3) 
so that they represent as nearly as possible the 
actual aural effect. at the receiving station. 
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@10-4 APPLYING POWER TO THE 
ANTENNA 

Direct excitation — When power is trans- 
ferred directly from the source to the radiating 
antenna, the antenna is said to be directly 
excited. While most of the coupling methods 
(§ 2-11) may be used, the more common ones 
are shown in Fig. 1007. Power is usually fed 
to the antenna at either a current or voltage 
loop (§ 10-2). If at a current loop, the coupling 
is called current feed; if at a voltage loop, it is 
called voltage feed. 

Current feed— This is shown in Fig. 
1007-A. The antenna is cut at the center and a 
small coil coupled to the output tank circuit 
of the transmitter, with adjustable coupling 
so that the transmitter loading can be con- 
trolled. Since the addition of the coil ‘‘loads”’ 
the antenna, or increases its effective length 
because of the additional inductance, the series 
condensers Cy and C2 are used to provide 
electrical means for reducing the length to its 
original unloaded value; in other words, to 
cancel the effect of the inductive reactance 
(§ 2-10). 

Voltage feed —In Fig. 1007 at B and C 
the power is introduced into the antenna at a 
point of high voltage. In B the end of the an- 
tenna is coupled to the output tank circuit 
through a small condenser; in C a separate 
tank, connected directly to the antenna, is 
used. This tank is tuned to the transmitter 
frequency and should be grounded at one end 
or at the center of the coil, as shown. 

Adjustment of coupling — Methods of 
tuning and adjustment correspond to those 
used with transmission lines and are discussed 
in § 10-6. 
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Fig. 1007 — Methods of direct feed to the half-wave 
antenna. A, current feed, series tuning; B, voltage feed, 
capacity coupling; C, voltage feed with inductively 
coupled antenna tank. In A, the coupling apparatus is 
not included in the antenna length. 
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Disadvantages of direct excitation — Di- 
rect excitation is seldom used except on the 
lowest amateur frequencies because it involves 
bringing the antenna proper into the operating 
room and hence into close relationship with 
the house and electric wiring. This usually 
means that some of the power is wasted in 
heating poor conductors in the field of the an- 
tenna. Also, it usually means that the shape of 
the antenna must be distorted so that the ex- 
pected directional effects are not realized, and 
likewise means that the height is limited. For 
these reasons, in high-frequency work prac- 
tically all amateurs use transmission lines or 
feeder systems which permit putting the an- 
tenna in a desirable location. ; 


@10-5 TRANSMISSION: LINES 


Requirements — A transmission line is used 
to transfer power, with a minimum of loss, 
from its source to the device in which the power 
is to be usefully expended. At radio frequen- 
cies, where every wire carrying r.f. current 
tends to radiate energy in the form of electro- 
magnetic waves, special design is necessary to 
minimize radiation and thus cause as much as 
possible of the power to be delivered to the 
receiving end of the line. 

Radiation can be minimized by using a line 
in which the current is low, and by using two 
conductors carrying currents of equal magni- 
tudes but opposite phase so that the fields 
about the conductors cancel each other. For 
good cancellation of radiation the two conduc- 
tors should be parallel and quite close to each 
other. 

Types — The most common form of trans- 
mission line consists of two parallel wires, 
maintained at a fixed spacing of two to six 
inches by insulating spacers or spreaders at 
suitable intervals (open-wire line). A second 
type consists of rubber-insulated wires twisted 
together to form a flexible line without spacers 
(twisted-pair line). A third uses a wire inside 
and coaxial with a tubing outer conductor, 
separated from the outer conductor by insu- 
lating spacers or ‘‘beads” at regular intervals 
(coaxial or concentric line). A variation of this 
type uses solid rubber insulation between the 
inner and-outer conductors, the latter usually 
being made of metal braid rather than solid 
tubing so that the line will be flexible. Still 
another type of line uses a single wire alone, 
without a second conductor (single-wire feeder) ; 
in this case radiation is minimized by keeping 
the line current low. 

Spacing of two-wire lines — The spacing 
between wires of an open-wire line should be 
small in comparison to the operating wave- 
length to prevent appreciable radiation. At 
the same time it is impracticable to make 
the spacing too small because when the wires 


swing with respect to each other in a wind the 
line constants (§ 2-12) will vary and thus 
cause a variation in tuning or loading on the 
transmitter. It is also desirable to use as few 
insulating spacers as possible to keep the 
weight of the line to a minimum. In practice 
a spacing of about six inches is used for 14 Me. 
and lower frequencies, with four and two inch 
spacing being common on the ultra-high fre- 
quencies. 

Balance to ground — For maximum can- 
cellation of the fields about the two wires it 
is necessary that the currents be equal in 
amplitude and opposite in phase. Should the 
capacity or inductance per unit length in one 
wire differ from that in the other this condition 
cannot be fulfilled. Insofar as the line itself is 
concerned, the two wires will have identical 
characteristics only when the two have exactly 
the same physical relationships to ground and 
to other objects-in the vicinity. Thus the line 
should be symmetrically constructed and the 
two wires should be at the same height. Line 
unbalance can be minimized by keeping the 
line as far above ground and as far from other 
objects as possible. 

To overcome unbalance the line is sometimes 
transposed, which means that the positions of 
the wires are interchanged at regular intervals 
(Fig. 1008). This is more helpful on long than 
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Fig. 1008 — Method of transposing a two-wire open 
transmission line to preserve balance to ground and 
nearby objects. 


on short lines, and usually need not be re- 
sorted to for lines less than a wavelength or 
two long. 

Characteristic impedance — The square 
root of the ratio of inductance to capacity 
per unit length of the line is called the charac- 
teristic or surge impedance. It is the impedance 
which a long line would present to an electrical 
impulse induced in the line, and is important 
in determining the operation of the line in 
conjunction with the apparatus to which it is 
connected. 

The characteristic impedance of air-insu- 
lated transmission lines may be calculated from 
the following formulas: : 


Parallel-conductor line 


Z = 276 log (5) 


where Z is the surge impedance, b the spacing, 
center to center, and a the radius of the con- 
ductor. The quantities b and a must be meas- 
ured in the same units (inches, etc.). Surge 
impedance as a function of spacing for lines 
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using conductors of different size is plotted in 
chart form in Fig. 1009. 


Coaxial or concentric line 
Z = 138 log ® (6) 


where Z again is the surge impedance. In this 
case b is the inside diameter (not radius) of 
the outer conductor and a is the outside diam- 
eter of the inner conductor. The formula is true 
for air dielectric, and approximately so for a 
line having ceramic insulators so spaced that 
the major proportion of the insulation is air. 

When a solid insulating material is used be- 
tween the conductors the impedance decreases, 
because of the increase in liné capacity, by the 
factor 1/./k, where k is the dielectric constant 
of the insulating material. 

The impedance of a single-wire transmission 
line varies with the size of the conductor, its 
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Fig. 1009— Characteristic impedances of typical 
spaced-conductor transmission lines. Use outside 
diameter of tubing. 


height above ground, and orientation with 
respect to ground. An average figure is about 
500 ohms. 

Electrical length — The electrical length 
of a line is not exactly the same as its physical 
length for reasons corresponding to the end 
effects in antennas. (§ 10-2). Spacers used to 
separate the conductors have dielectric con- 
stants larger than that of air, so that the waves 
do not travel quite as fast along a line as they 
would in air. The lengths of electrical quarter 
waves of various types of lines can be calcu- 
lated from the formula 
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246 XV 
Freq. (Mc.) 
where V depends upon the type of line. For 
lines of ordinary construction, V is as follows: 
Parallel wire line V = 0.975 
Parallel tubing line V = 0.95 
Concentric line (air-insulated) V = 0.85 
Concentric line (rubber-insu- 

lated) 
Twisted pair 


Length (feet) = 


V. = 0.56-0.65 


Input and output ends — The input end 
of a line is that connected to the source of 
power; the output end is that connected to the 
power-absorbing device. When a line connects 
a transmitter to an antenna, the input end is 
at the transmitter and the output end at the 
antenna; with the same line and antenna con- 
nected to a receiver, however, the energy flows 
from the antenna to the receiver, hence the 
input end of the line is at the antenna and the 
output end at the receiver. 

Standing-wave ratio— The lengths of 
transmission lines used at radio frequencies 
are of the same order as the operating wave 
lengths and therefore standing waves of cur- 
rent and voltage may appear on the line 
(§ 2-12). The ratio of current (or voltage) at 
a loop to the value at a node (standing-wave 
ratio) depends upon the ratio of the resistance 
of the load connected to the output end of the 
line, or termination, to the characteristic im- 
pedance of the line itself. That is, 


Zs Zt 
Standing-wave ratio = — or — (8) 
Zi Da 


where Z,; is the characteristic impedance of the 
line and Z, is the terminating resistance, Z; is 
generally called an impedance, although it 
must be non-reactive and therefore corre- 
spond to a pure resistance for the line to oper- 
ate as described. This means that the load or 
termination, when an antenna, must be reso- 
nant at the operating frequency. 

The formula is given in two ways because it 
is customary to put the larger number in the 
numerator so that the ratio will not be frac- 
tional. As an example, a 600-ohm line termi- 
nated in a resistance of 70 ohms will have a 
standing wave ratio of 600/70, or 8.57. The 
ratio on a 70-ohm line terminated in a resist- 
ance of 600 ohms would be the same. This 
means that if the current as measured at a 
node is 0.1 amp., the current at a loop will be 
0.857 amp. 

A line terminated in a resistance equal to its 
characteristic impedance is equivalent to an 
infinitely long line, consequently there is 
no reflection and no standing waves appear. 
The standing wave ratio therefore is 1. The 
input end of such a line appears as a pure re- 
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(7) 


sistance of a value equal to the characteristic 
impedance of the line. 

Reactance, resistance, impedance — The 
input end of a line may show reactance as well 
as resistance, and the values of these quantities 
will depend upon the nature of the load at the 
output end, the electrical length of the line, 
and the line characteristic impedance. The 
reactance and résistance are important in 
determining the method of coupling to the 
source of power. Assuming that the load at the 
output end of the line is purely resistive, which 
is essentially the case since the load circuit is 
usually tuned to resonance, a line less than a 
quarter wavelength long electrically will show 
inductive reactance at its input terminals when 
the output termination is less than the charac- 
teristic impedance, and capacitive reactance 
when the termination is higher than the 
characteristic impedance. If the line is more 
than a quarter wave but less than a halfwave 
long the reverse conditions exist. With still 
longer lengths the reactance characteristics 
reverse in each succeeding quarter wavelength. 
The input impedance is purely resistive if the 
line is an exact multiple of a quarter wave in 
length. The reactance at intermediate lengths 
is higher the greater the standing wave ratio, 
being zero for a ratio of 1. 

Impedance _ transformation — Regardless 
of the standing-wave ratio, the input imped- 
ance of a line a half-wave long electrically will 
be equal to the impedance connected at its 
output end. Such-a line (the same thing is 
true of a line any integral multiple of a half- 
wave in length) can be considered to be a one- 
to-one transformer. However, if the line is a 
quarter-wave (or an odd multiple of a quarter 
wave) long the input impedance will be equal to 


Ze 
Zi = — 
Zi 


where Z; is the characteristic impedance of the 
line and Z; the impedance connected to the out- 
put end. A quarter-wave line therefore can be 
used as an impedance transformer, and by 
suitable selection of constants a wide range 
of input impedance values can be obtained. 
Furthermore, the impedance measured be- 
tween the two conductors anywhere along the 
line will vary between the two end values, so 
that any intermediate impedance value can 
be selected. This is a particularly useful prop- 
erty since a quarter-wave line may be short- 
circuited at one end (§ 2-12) and used as a 
linear transformer with adjustable impedance 
ratio. 

Losses — Air-insulated lines operate at 
quite high efficiency. Parallel-conductor lines 
average 0.12 to 0.15 db. (§ 3-3) loss per wave- 
length of line. These figures hold only if the 


standing wave ratio is 1. The losses increase. 


with the standing-wave ratio, rather slowly up 
to a ratio of 15 to 1, but rapidly thereafter. For 
standing-wave ratios of 10 or 15 to 1 the in- 
crease is inconsequential provided the line is 
well balanced. 

Concentric lines with air insulation are 
excellent when dry, but losses increase if there 
is moisture in the line. Provision therefore 
should be made for making such lines air- 
tight, and they should be thoroughly dry when 
assembled. This type of line has the least 
radiation loss. The small lines (34-inch outer 
conductor) should not be used at high volt- 
ages, hence it is desirable to keep the standing- 
wave ratio down. 

Good quality rubber insulated lines, both 
twisted pair and coaxial, average about 1 db. 
- loss per wavelength of line. At the higher 
frequencies, therefore, such lines should be 
used only in short lengths if losses are impor- 
tant. These lines have the advantages of com- 
pactness, ease of installation, and flexibility. 
Ordinary lampcord has a loss of approximately 
1.4 db. per wavelength, when dry, but its 
losses become excessive when wet. The parallel 
moulded-rubber type is best from the stand- 
point of withstanding wet weather. The char- 
acteristic impedance of lampcord is between 
120 and 140 ohms. 

The loss in db. is directly proportional to the 
length of the line. Thus a line which has a loss 
of 1 db. per wavelength will have an actual loss 
of 3 db. if the line is three wavelengths long. In 
the case of line losses, the length is not ex- 
pressed in terms of electrical length but in 
physical length; that is, a wavelength of line, 
in feet, is equal to 984/Freq. (Mc.) for com- 
puting loss. This permits a direct comparison 
of lines having the same physical length. The 
electrical lengths, of course, may differ 
considerably. 

Resonant and non-resonant lines — Lines 
are classified as resonant or non-resonant de- 
pending upon the standing-wave ratio. If the 
ratio is near 1, the line is said to be non- 
resonant. Reactive effects will be small and 
consequently no special tuning provisions need 
be made for cancelling them (§ 2-10) even 
when the line length is not.an exact multiple 
of a quarter wavelength. If the standing-wave 
ratio is fairly large, the input reactance must 
be cancelled or ‘‘tuned out” unless the line is 
a multiple of a quarter wavelength, and the 
line is said to be resonant. 


@10-6 COUPLING TO TRANSMISSION 
LINES 


Requirements — The coupling system be- 
tween a transmitter and the input end of a 
transmission line must provide. means for 
adjusting the load on the transmitter to the 
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proper value (impedance matching) and for 
tuning out any reactive component that may 
be present (2-9, 2-10, 2-11). The resistance and 
reactance considered are those present at the 
input end of the line, and hence have nothing 
to do with the antenna itself except insofar as 
the antenna load may affect the operation of 
the line (§ 10-5). 

Untuned coil— A simple system, shown 
in Fig. 1010-A, uses a coil of a few turns tightly 
coupled to the plate tank coil. Since no provi- 
sion is made for tuning, this system is suitable 
only for non-resonant lines which show prac- 
tically no reactance at the input end. Loading 
on the transmitter may be varied by varying 
the coupling between the tank inductance and 
pickup coil, as it is frequently called, or by 
changing the number of turns on the pickup 
coil. A slight amount of reactance is coupled 
into the tank circuit by the pickup coil, since 
the flux leakage (§ 2-11) is high, so that slight 
retuning of the plate tank condenser may be 
necessary when the load is connected. 

Taps on tank circuit — A method suitable 
for use with open-wire lines is shown in Fig. 
1010-B, where the line is tapped on a balanced 
tank circuit with taps equidistant from the 
center or ground point. This symmetry is 
necessary to maintain line balance to ground 
(§ 10-5). Loading is increased by moving the 
taps outward from the center. Any reactance 
present may be tuned out by readjustment of 
the plate tank condenser, but this method is 
not suitable for large values of reactance and 
therefore direct tapping is best confined to use 
with non-resonant lines. 

Adjustment of untuned systems — Ad- 
justment of either of the above-systems is quite 
simple. Starting with loose coupling, apply 
power to the transmitter, and adjust the 
plate tank condenser to minimum plate cur- 
rent. If the current is less than the desired load 
value, increase the coupling and again resonate 
the plate condenser. Continue until the desired 
plate current is obtained, always keeping the 
plate tank condenser at the setting which gives 
minimum current. 

Pi-section coupling — A coupling system 
which is electrically equivalent to tapping on 
the tank circuit, but using a capacity voltage 
divider in the plate tank circuit for the pur- 
pose, is shown in Fig. 1010-C. Since one side 
of the condenser across which the line is con- 
nected is grounded, some unbalance will be 
introduced into the transmission line. The 


‘method is used chiefly with low-power portable 


sets because it is readily adjustable to meet a 
fairly wide range of impedance values. A 
single-ended amplifier, either screen-grid or a 
grid-neutralized triode (§4-7) is required, 
since the plate tank circuit is not balanced. 
Coupling is adjusted by varying C4, re-resonat- 
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ing the circuit each time by means of Co, until 
the desired amplifier plate current is obtained. 
In general, the coupling will increase as C, is 
made smaller with respect to Co. Relatively 
large-capacity condensers are required to give 
a suitable impedance-matching range while 
maintaining resonance. 

Pi-section filter — The coupling circuit 
shown in Fig. 1010-D is a low-pass filter capa- 
ble of coupling between a fairly wide range of 
impedances. The method of adjustment is as 
follows: First, with the filter disconnected from 
the transmitter tank, tune the transmitter tank 
to resonance, as evidenced by minimum plate 
current. Then, with trial settings of the clips 
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on Ly and Le (few turns for high frequencies, 
more for lower) tap the input clips on the final 
tank coil at points equidistant from the center 
so that about half the coil is included between 
them. A balanced tank circuit must be used. 
Set Co at about half scale, apply power, and 
rapidly rotate C; until the plate current drops 
to minimum. If this minimum is not the de- 
sired full-load plate current, try a new setting 
of Co and repeat. If, for all settings of C2, the 
plate current is too high\ or too low, try new 
settings of the taps on Ly; and ZL», and also on 
the transmitter tank. Do not touch the tank 
condenser during these adjustments. When, 
finally, the desired plate current is obtained, 






Fig 1010 — Methods of coupling the transmitter to the transmission line. Circuit values and adjustment are dis- 
cussed in the text. Condensers marked “C” are fixed blocking condensers to isolate the transmitter plate voltage from 
the antenna; their capacity is not critical, 500 uufd. to 0.002 ufd. being satisfactory values. Voltage rating should at 


least equal the plate voltage on the final stage. 
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set Cy carefully to the exact minimum plate- 
current point. This adjustment is important in 
minimizing harmonic output. 

With some lengths of resonant lines, particu- 
larly those not exact multiples of a quarter 
wavelength, it may be difficult to get proper 
loading with the pi-section coupler. Usually, 
these lengths also will be difficult to feed with 
other systems of coupling. In such cases, the 
proper loading often can be obtained by vary- 
ing the L/C ratio of the filter over a consider- 
ably wider range than is used for normal loads. 

Series tuning — When the input impedance 
of the line is low, the coupling method shown 
in Fig. 1010-E may be used. This system, 
known as series tuning, places the coupling 
coil, tuning condensers, and load all in series, 
and is particularly suitable for use with reso- 
nant lines when a current loop appears at the 
input end. Two tuning condensers, as shown, 
usually are used to keep the line balanced to 
ground, but one will suffice, the other end of the 
line being connected directly to the end of Ly. 

The tuning procedure with series tuning is as 
follows: With C; and C2 at minimum capacity, 
couple the antenna coil LZ, loosely to the trans- 
mitter output tank coil and observe the plate 
current. Then increase Cy and Ce. simultane- 
ously, until a setting is reached which gives 
maximum plate current, indicating that the 
antenna system is in resonance with the trans- 
mitting frequency. Readjust the plate tank 
condenser to minimum plate current. This is 
necessary because tuning the antenna circuit 
will have some effect on the tuning of the plate 
tank. The new minimum plate current will be 
higher than with the antenna system detuned, 
but should still be well below the rated value 
for the tube or tubes. Increase the coupling be- 
tween Ly; and Ly by a small amount, readjust 
Cy and C2 for maximum plate current, and 
again set the plate tank condenser to mini- 
mum. Continue this process until the mini- 
mum plate current is equal to the rated plate 
current for the amplifier. Always use the de- 
gree of coupling between Zi and Le which will 
just bring the amplifier plate current to rated 
value when C; and C2 pass through resonance. 
The r.f. ammeters should indicate maximum 
feeder current at the resonance setting; these 
meters are not strictly necessary, but are useful 
in indicating the relative power output from 
the transmitter. 

Parallel tuning — When the line has high 
input impedance, parallel tuning, as shown in 
Fig. 1010-F, is required. Here the coupling 
coil, tuning condenser and line are all in paral- 
lel, the load represented by the line being di- 
rectly across the tuned coupling circuit. If the 
line is non-reactive, the coupling circuit will 
be tuned independently to the transmitter 
frequency; line reactance can be compensated 
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for by tuning of Ci and adjustment, if neces- 
sary, of Ly by means of taps. Parallel tuning 
is suited to resonant lines when a voltage loop 
appears at the input end. 

The tuning procedure is quite similar to 
that with series tuning. Find the value of 
coupling between LZ; and Ly which will bring 
the plate current to the desired value as Cy is 
tuned through resonance. Again a slight read- 
justment of the amplifier tank condenser may 
be necessary to compensate for the effect of 
coupled reactance. 

Link coupling — Where tuning of the cir- 
cuit connected to the line is necessary or 
desirable, it is possible to separate physically 
the line-tuning apparatus and the plate tank 
circuit by means of link coupling (§ 2-11). 
This is often convenient from a constructional 
standpoint, and has the advantage that with 
proper construction there will be somewhat 
less harmonic transfer to the antenna since 
stray capacity coupling is lessened with the 
smaller link coils. 

Figs. 1010-G and H show a method which 
can be considered to be a variation of Fig. 
1010-B. The first (G) is suitable for use with a 
single-ended plate tank, the second (H) for a 
balanced tank. The auxiliary tank on which 
the transmission line is tapped may have ad- 
justable inductance as well as capacity to pro- 
vide a wide range of reactance variation for 
compensating for line reactance. The center of 
the auxiliary tank inductance may be grounded 
if desired. The link windings should be placed 
at the grounded parts of the coils to reduce 
capacity coupling and consequent harmonic 
transfer. With this inductively-coupled system 
the loading on the auxiliary tank circuit in- 
creases as the taps are moved outward from the 
center, but since this decreases the Q of the 
circuit the coupling to the plate tank simul- 
taneously decreases (§ 2-11), hence a compro- 
mise adjustment giving proper loading must 
be found in practice. Loading also may be 
varied by changing the coupling between one 
link winding and its associated tank coil; 
either tank may be used for this purpose. When 
the auxiliary tank is properly tuned to com- 
pensate for line reactance the plate tank tuning 
will be practically the same as with no load on 
the circuit, hence the plate tank condenser 
need only be readjusted slightly to compensate 
for the small reactance introduced by the link. 

Link coupling also may be used with series 
and parallel tuning, as shown in Figs. 1010-I 


‘and J. The coupling between one link and its 


associated coil may be made variable to give 
the same effect as changing the coupling be- 
tween the plate tank and antenna coils in the 
ordinary system. The tuning procedure is the 
same as described above for series and parallel 
tuning. In the case of single-ended tank cir- 
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cuits, the input link would be coupled to the 
grounded end of the tank coil, similarly to 
the method in Fig. 1010-G. 

Circuit values — The values of inductance 
and capacity to use in the antenna coupling 
system will depend upon the transmitting fre- 
quency, but are not particularly critical. With 
series tuning (Fig. 1010-E, I) the coil may 
consist of a few turns of the same construction 
as is used in the final tank; average values will 
run from one or two turns at ultra-high frequen- 
cies to perhaps 10 or 12 at 1.75 Mc. The number 
of turns preferably should be adjustable so that 
the inductance can be changed should it’ not 
be possible to reach resonance with the con- 
densers used. The series condensers should 
have a maximum capacity of 250 or 350 uyfd. 
at the lower frequencies; the same values will 
serve even at 28 Mce., although 100 uyfd. will 
be ample for this and the 14-Mce. band. Still 
smaller condensers can be used at ultra-high 
frequencies. Since series tuning is used at alow- 
voltage point in the feeder system, the plate 
spacing of the condensers does not have to be 
large. Ordinary receiving-type condensers are 
large enough for plate voltages up to 1000, 
and the smaller transmitting condensers have 
high-enough voltage ratings for higher-power 
applications. With high-power ’phone it may 
be necessary to use condensers having a plate 
spacing of approximately 0.15 to 0.2 inch. 

In parallel-tuned circuits (F, G, H, J) the 
antenna coil and condenser should be approxi- 
mately the same as those used in the final tank 
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Fig.. 1011 — Half-wave antennas fed from resonant 
lines. A and B, end feed with quarter- and half-wave 
lines; C and D, center feed. The current distribution is 
shown for all four cases. Arrows indicate instantaneous 
direction of current flow. 
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circuit. The antenna tank circuit must be capa- 
ble of being tuned independently to the trans- 
mitting frequency, and if possible provision 
should be made for tapping the coil so that the 
L/C ratio can be varied to the optimum value 
(§ 2-11) as determined experimentally. 

In Fig. 1010-D, Cy and C2 may be 100 to 250 
puufd. each, the higher-capacity values being 
used for lower-frequency operation (3.5 and 
1.75 Mc.). Plate spacing should in general be 
at least half that of the final amplifier tank 
condenser. For operation from 1.75 to 14 Me., 
Ij and Le each should be 15 turns 2% inches 
in diameter, spaced to occupy 8 inches length, - 
and tapped every three turns. Approximate 
settings are 15 turns for 1.75 Mce., 9 turns 
for 3.5 Mc., 6 turns for 7 Mc., and 3 turns for 
14 Mc. The coils may be wound with No. 14 
or No. 12 wire. This method of coupling is very 
seldom used at ultra-high frequencies. 

Harmonic reduction — It is important to 
prevent, insofar as possible, harmonics in the 
output of the transmitter from being trans- 
ferred to the antenna system. Untuned (Fig. 
1010-A) and directly-coupled (Figs. 1010-B) 
systems do not discriminate against harmonics, 
and hence are more likely to cause harmonic 
radiation than the inductively-coupled tuned 
systems. Low-pass filter arrangements such as 
those at C and D, Fig. 1010, do discriminate 
against harmonics, but the direct coupling 
frequently is a source of trouble in this respect. 

In inductively-coupled systems, care must 
be taken to prevent capacity coupling between 
coils. Link coils should: always be coupled at a 
point of ground potential (§ 2-13) on the plate 
tank coil, and so should series and parallel- 
tuned coils (HE and F) when possible. Capacity 
coupling can be practically eliminated by the 
use of a Faraday shield (§ 4-9) between the 
two coils. 


@10-7 RESONANT LINES 


Two-wire lines — Because of its simplicity 
of adjustment and flexibility with respect to 
the frequency range over which an antenna 
system will operate, the resonant line is widely 
used with simple antenna systems. Construc- 
tionally, the spaced or ‘‘open”’ two-wire line is 
best suited to resonant operation; rubber-insu- 
lated lines such as twisted pair will have exces- 
sive losses when operated with standing waves. 

Connection to antenna — A resonant line 
is usually — in fact, practically always — con- 
nected to the antenna at either a current or 
voltage loop. This is advantageous, especially 
when the antenna is to be operated at har- 
monic frequencies, since it simplifies the prob- 
lem ot determining the coupling system to be 
used at the input end of the transmission line. 

Half-wave antenna with resonant line — 
It is often helpful to look upon the resonant 


line simply as an antenna folded back on itself. 
Such a line may be any whole-number mul- 
tiple of a quarter-wave in length; in other 
words any total wire length which will ac- 
commodate a whole number of standing waves. 
(The ‘‘length,”’ however, of a two-wire line is 
always taken as the length of one of the wires.) 

Quarter- and half-wave resonant lines feed- 
ing half-wave antennas are shown in Fig. 1011. 
The current distribution on both antenna and 
line is indicated. It will be noted that the 
quarter-wave line has maximum current at one 
end and minimum current at the other, de- 
termined by the point of connection to the 
antenna. The half-wave line, however, has the 
same current (and voltage) values at both 
ends. 

If a quarter-wave line is connected to the end 
of an antenna as shown in Fig. 1011-A, then at 
the transmitter end of the line the current is 
high and the voltage low (low impedance) 
so that series tuning (§ 10-6) can be used. 
Should the line be a half-wave long, as at 
1011-B, current will be minimum and voltage 
maximum (high impedance) at the transmitter 
end of the line, just as it is at the end of the 
antenna. Parallel tuning therefore is required 
(§ 10-6). The line could be coupled to a bal- 
anced final tank through small condensers, 
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as in Fig. 1010-B, but the inductively-coupled 
circuit is preferable. An end-fed antenna with 
resonant feeders, as in 1011-A and B, is known 
as the ‘‘ Zeppelin,” or ‘‘Zepp,’’ antenna. 

The line also may be inserted at the center 
of the antenna at the maximum-current point. 
Quarter- and. half-wave lines used in this way 
are shown at Fig. 1011-C and D. In C, the an- 
tenna end of the line is at a high-current, low- 
voltage point (§ 10-2), hence at the transmitter 
end the current is low and the voltage high. 
Parallel tuning therefore is used. The half- 
wave line at D has high current and low volt- 
age at both ends, so that series tuning is used 
at the transmitter end. 

The four arrangements shown in Fig. 1011 
are thoroughly useful antenna systems, and are 
shown in more practical form in Fig. 1012. In 
each case the antenna is a half wavelength 
long, the exact length being calculated from 
Equations 2, 3 or 4 (§ 10-2) or taken from the 
charts of Fig. 1015. The line length should be 
an integral multiple of a quarter wavelength, 
and may be calculated from Equation 5 (§ 10-5) 
the result being multiplied by any whole num- 
ber which gives a total length convenient for 
reaching from the antenna to the transmitter. 
If there is an odd number of quarter waves on 
the line in the case of the end-fed antenna, 
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Fig. 1012 — Practical half-wave antenna systems using resonant-line feed. In the center-feed systems, the antenna 
length “X” does not include the length of the insulator at the center. Line length is measured from the antenna to the 
tuning appartus; leads in the latter should be short enough to be neglected. The two meters shown are helpful for 
balancing feeder currents; however, one is sufficient for tuning for maximum output, and may be transferred from 
one feeder to the other, if desired. The systems at (A) and (C) are for feeders an odd number of quarter-waves in 
length; (B) and (D) for feeders a multiple of a half wavelength. The drawings correspond electrically to those of 


Fig. 1011. 
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series tuning will be used at the transmitter 
end; if an even number of quarter waves, then 
parallel tuning is used. With the center-fed 
antenna the reverse is true. 

Practical line lengths —In general, it is 
best to use line lengths that are integral mul- 
tiples of a quarter wavelength. Intermediate 
lengths will give intermediate impedance 
values and will show reactance as well (§ 10-5). 
The tuning apparatus is capable of compensat- 
ing for reactance but it may be difficult to get 
suitable transmitter loading because simple 
series and parallel tuning are suitable for only 
low and high impedances, respectively, and 
neither will perform well with impedances of 
the order of a few hundred ohms. Such values 
of impedance may reduce the Q of the coupling 
circuit to such a point that adequate coupling 
cannot be obtained (§ 2-11). However, some 
departure from the ideal length is possible — 
even as much as 25% of a quarter wave in 
many cases — without undue difficulty in 
tuning and coupling. In such cases the type of 
tuning to use, series or parallel, will depend on 
whether the feeder length is nearer an odd 
number of quarter waves or nearer an even 
number, as well as on the point at which the 
feeder is connected to the antenna. 

Line current — The feeder current as read 
by the r.f. ammeters is useful for tuning pur- 
poses only; the absolute value is of little im- 
portance. When series tuning is used the cur- 
rent will be high, but very little current will be 
indicated in a parallel-tuned system. This is 
because of the current distribution on the 
feeders as shown by Fig. 1011. With a given 
antenna and tuning system, of course, the 
greatest power will be delivered to the an- 
tenna when the readings are highest. However, 
should the feeder length be changed no useful 
conclusions can be drawn from comparison 
between the new and old readings. For this 





reason any indicator which registers the rela- 
tive intensity of r.f. current can be used for 
tuning purposes. Many amateurs, in fact, use 
flashlight or dial lamps for this purpose instead 
of meters. They are inexpensive, and when 
shunted by short lengths of wire so that con- 
siderable current can be passed without burn- 
out will serve very well even with high-power 
transmitters. 

Antenna length and line operation — 
Insofar as the operation of the antenna itself 
is concerned, departures of a few per cent from 
the exact length for resonance are of negligible 
consequence. Such inaccuracies may influence 
the behavior of the feeder system, however, 
and as a result may have an adverse effect on 
the operation of the system as a whole. This 
is true of the end-fed antennas such as are 
shown in Fig. 1012-A and -B. 

For example, Fig. 1013-A shows the current 
distribution on the half-wave antenna and 
quarter-wave feeder when the antenna length 
is correct. At the junction of the ‘‘live”’ feeder 
and the antenna the current is minimum so 


‘that the currents in the two feeder wires are 


equal at all corresponding points along their 
length. When the antenna is too long, as in B, 
the current minimum occurs at a point on the 
antenna proper, so that at the top of the live 
feeder there is already appreciable current 
flowing, whereas at the top of the ‘‘dead”’- 
feeder the current must be zero. As a result, the 
feeder currents are not balanced and some 
power will be radiated from the line. In C 
the antenna is too short, bringing the current 
minimum to a point on the live feeder, so that 
again the currents are unbalanced. The more 
serious the unbalance the greater the radiation 
from the line. 

Strictly speaking, a line having an unbal- 
anced connection such as the one-way termi- 
nation at the end of an antenna cannot be truly 
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Fig. 1013 — Effect on feeder balance of incorrect antenna length. With center feed, incorrect antenna length does 
not unbalance the transmission line, as it does with end feed. 
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balanced even though the antenna length is 
correct. This is because of the difference in 
loading on the two sides. The effect is fairly 
small, however, when the currents are bal- 
anced. 

If the antenna is fed at the center the un- 
desirable effects of incorrect antenna length 
balance out so that the line operates properly 
under all conditions. This is shown in Fig. 
1013 at D, Eand F. So long as the two halves 
of the antenna are of equal length, the dis- 
tribution of current on the feeders will be 
symmetrical so that no unbalance exists, even 
for antenna lengths considerably removed 
from the correct value. 


@10-8 NON-RESONANT LINES 


Requirements — The advantages of non- 
resonant transmission lines — minimum losses, 
and elimination of the necessity for tuning — 
make this type of operation attractive. The 
chief disadvantage of the non-resonant line, 
aside from the necessity for more care in initial 
adjustment, is that when ‘‘matched” to the 
ordinary antenna it is matched only for one 
frequency, or at most for a small band of 
frequencies on either side of the frequency for 
which the matching is done. Except for a few 
special systems, this means that the antenna is 
unsuitable for work on more than one amateur 
band. 

Adjustment of a non-resonant line is simply 
that of adjusting the terminating resistance to 
match the characteristic impedance of the line. 
To accomplish this, the antenna itself must be 
resonant at the selected frequency, and the line 
must then be connected to it in such a way that 
the antenna impedance as looked at by the line 
is the right value. The matching may be done 
by connecting the line at the proper spot along 
the antenna, by inserting an impedance 
transforming device between the antenna and 
line, or by using a line having an impedance 
equal to the center impedance of the antenna. 

In the following discussion of ways in which 
different types of lines may be matched to the 
antenna, a half-wave antenna is used as an ex- 
ample. Other types of antennas may be 
treated by the same methods, making due 
allowance for the order of impedance that ap- 
pears at the end of the line with more elaborate 
systems. 

Single-wire feed — In the single-wire-feed 
system the return circuit is through the 
ground. There will be no standing waves on 
the feeder when its characteristic impedance 
is matched by the impedance of the antenna 
at the connection point. The principal dimen- 
sions are the length of the antenna LZ, Fig. 
1014, and the distance D from the exact center 
of the antenna to the point at which the 
feeder is attached. Approximate dimensions 
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Fig. 1014 — Single-wire-feed system. The length L 
(one-half wavelength) and D are determined from the 
chart, Fig. 1015. 


can be obtained from Fig. 1015 for an antenna 
system having a fundamental frequency in the 
most used amateur bands. 

In constructing an antenna system of this 
type the feeder must run straight away from 
the antenna (at a right angle) for a distance of 
at least one-third the length of the antenna. 
Otherwise the field of the antenna will affect 
the feeder and cause faulty operation. There 
should be no sharp bends in the feeder wire 
at any point. 

With the coupling system shown in Fig. 
1016-A, adjustment is as follows: Starting at 
the ground end of the tank coil, the tap is 
moved towards the plate end until the am- 
plifier draws the rated amount of plate current. 
The plate tank condenser should be readjusted 
each time the tap is changed, to bring the 
plate current to minimum. The amplifier is 
loaded properly when this ‘“‘minimum” is 
the rated current. The condenser in the feeder 
is for the purpose of insulating the antenna 
system from the high-voltage plate supply 
when series plate feed is used. It should have a 
voltage rating somewhat above that of the 
plate supply. Almost any capacity greater 
than 500 yuyfd. will be satisfactory. The con- 
denser is unnecessary, of course, if parallel 
plate feed is used. 

Inductive coupling to the output circuit is 
shown in Fig. 1016-B. The antenna tank circuit 
should tune to resonance at the operating fre- 
quency and the loading is adjusted by varying 
the coupling between the two tanks, both be- 
ing kept tuned to resonance. 

Regardless of the type of coupling, a good 
ground connection is essential with this system. 
Single-wire feed works best over moist ground, 
and poorly over rock and sand. 

Twisted-pair feed — A two-wire line com- 
posed of twisted rubber-covered wire can 
be constructed to have an impedance approx- 
imately equal to that at the center of the 
antenna itself, thus permitting the method of 
connecting the line to the antenna shown in 
Fig. 1017. Any discrepancy which may exist 
between line and antenna impedance can be 
compensated for by a slight fanning of the line 


CHAPTER TEN 175 


We oe see Pond tant 




















wees 40 - 42 
t 
J ad 
Q 1300} me 
& 
S Va CT 
x |_| oe] 
= a || 
S |_| an 
5 a ae 
& 2000 HE - 
Q A 
© pale ae ie 
~ 220 230 240 250 260 270 
16 8 19 20 21 





oi" g2” 9's 9'4" 95" 96" 
7000 
PTT A 














g Nea) [Jee pela 
WwW 7050 
y ee ec EERE RR Oe 
8 1100 4 
2 
= 1150 = 
& 
ee Sa ick Bel pn 
S an a+ 
g |_| 
& 7250 H 

—e HH coo 

62 63 64 65 m 

a 
£ 
N 
a 
= 
rat 
& 
= 
ore] 
& 





FREQUENCY, MEGACYCLES FREQUENCY, MEGACYCLES 


176 CHAPTER TEN 


where it connects to the two halves of the 
antenna, as shown at B in Fig. 1017. 

The twisted line is a convenient type to use, 
since it is easy to install and the r.f. voltage 
on it is low because of the low impedance. This 
makes insulation an easy matter. Special 
twisted line for transmitting purposes, having 
lower losses than ordinary rubber-covered 
wire, is available. 

The antenna should be one-half wavelength 
long for the frequency of operation, as deter- 
mined by charts of Fig. 1015 or the formulas 
(§ 10-2). The amount of ‘‘fanning”’ (dimension 
B) will depend upon the kind of cable used; the 
right value usually will be found between 6 
and 18 inches. It may be checked by inserting 
ammeters in each antenna leg at the junction 
of the feeder and antenna; the value of B 
which gives the largest current is correct. 
Alternatively, the system may be operated 
continuously for a time with fairly high r.f. 
power input, after which the feeder may be 
inspected (by touch) for hot spots. These 
indicate the presence of standing waves, and 
the fanning should be adjusted until they 
are eliminated or minimized. Each leg of the 
feeder forming the triangle at the antenna 
should be equal in length to dimension B. 

Coupling between transmitter and trans- 
mission line is ordinarily by the untuned coil 
method shown in Fig. 1010-A (§ 10-6). 

Concentric-line feed — A concentric trans- 
mission line readily can be constructed to have 
a surge impedance equal to the 70-ohm im- 
pedance at the center of a half-wave antenna. 
Such a line, therefore, can be connected 
directly to the center of the antenna, forming 
the system shown in Fig. 1018. 

Solving Equation (6) (§ 10-5) for an air- 
insulated concentric line shows that, for 70- 
ohm surge impedance, the inside diameter 
of the outer conductor should be approximately 
3.2 times the outside diameter of the inner 
conductor. This condition can be fulfilled by 
using standard %-inch (outside-diameter) 
copper tubing for the outer conductor and 
No. 14 wire for the inner. Ceramic insulating 
spacers are available commercially for this 
combination. Rubber-insulated concentric line 
having the requisite impedance for connection 
to the center of the antenna also is available. 

The operation of such an antenna system is 
similar to that of the twisted-pair system just 
described, and the same transmitter-coupling 
arrangements may be used (§ 10-6). 

The outer conductor of the line may be 
grounded if desired. The feeder system is 


Fig. 1015 — Charts for determining the length of 
half-wave antennas for use on various amateur bands. 
Solid lines indicate antenna length (lower scale); dotted 
lines point of connection for single-wire feeder (upper 
scale) measured from center of antenna. 


Fig. 1016— Methods of 
coupling the single-wire feeder 
to the transmitter. Circuits 
are shown for both single- 1 
ended and balanced tank 
circuits. 
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slightly unbalanced because the inner and 
outer conductors do not have the same capac- 
ity to ground. There should be no radiation, 
however, from a line having a correct surge 
impedance. 

Delta matching transformer — Because of 
the extremely close spacing required, it is 
impracticable to construct an open-wire 
transmission line which will have a surge 
impedance low enough to work directly into 
the center of a half-wave antenna. Such wire 
lines usually have impedances between 400 
and 700 ohms, 600 ohms being a widely-used 





Fig. 1017 — Half-wave antenna center-fed by a 
twisted pair line. 


value. It is therefore necessary to use other 
means for matching the line to the antenna. 

One method of matching is illustrated by the 
antenna system of Fig 1019. The section E is 
“fanned” to have a gradually increasing im- 
pedance so that its impedance at the antenna 
end will be equal to the impedance of the an- 
tenna section C, while the impedance at the 
lower end matches that of a practicable trans- 
mission line. 

The antenna length ZL, the feeder clearance 
E, the spacing between centers of the feeder 
wires D, and the coupling length C are the im- 
portant dimensions of this system. The system 
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Fig. 1018 — Half-wave antenna with concentric 
transmission line. 
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must be designed for exact impedance values 
as well as frequency values and the dimensions 
are therefore fairly critical. 

The length of the antenna is figured from 
the formula (§ 10-2) or taken from Fig. 1015. 

The length of section C is computed by the 
formula: 

123 


Freq. (Mc.) 


The feeder clearance # is found from the 
equation: 


C (feet) = 


148 
Freq. (Mc.) 


The above equations are for feeders having a 
characteristic impedance of 600 ohms and will 
not apply to feeders of any other impedance. 
The proper feeder spacing for a 600-ohm trans- 
mission line is computed to a sufficiently close 
approximation by the following formula: 


D=75 Xd 


E (feet) = 


where D is the distance between the centers of 
the feeder wires and d is the diameter of the 
wire. If the wire diameter is in inches the spac- 
ing will be in inches and if the wire diameter is 
in millimeters the spacing will be in milli- 
meters. 
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Fig. 1019 — Delta-matched antenna system. The 
dimensions C, D, and E are given in the text. It is im- 
portant that the matching section, E, come straight 
away from the antenna without any bends. 


Methods of coupling to the transmitter are 
discussed in § 10-6, Figs. 1010-C, D, G and H 
being suitable. 

*°Q”-section transformer — The imped- 
ance of a two-wire line of ordinary construction 
(400 to 600 ohms) can be matched to the im- 
pedance of the center of a half-wave antenna 
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by utilizing the impedance-transforming prop- 
erties of a quarter-waveline (§ 10-5). The 
matching section must have low surge im- 
pedance and therefore is commonly con- 
structed of large-diameter conductors such as 
aluminum or copper tubing, with fairly close 
spacing. This system is known as the “Q” 
antenna. It is shown in Fig. 1020. The impor- 
tant dimensions are the length of the antenna, 
the length of the matching section, B, the 
spacing between the two conductors of the 
matching section, C, and the impedance of the 
untuned transmission line connected to the 
lower end of the matching section. 

The required surge impedance for the match- 
ing section is 


Zs = VZi Ze (9) 


where Z; is the input impedance and Z,2 the 
output impedance. A quarter-wave section 
matching a 600-ohm line to the center of a 
half-wave antenna (72 ohms) should have a 
surge impedance of 208 ohms. The spacings 
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Fig. 1020—'The “Q” antenna with quarter-wave 
matching section using spaced tubing. 


between conductors of various sizes of tubing 
and wire for different surge impedances are 
given in graphical form in Fig. 1009. With 
half-inch tubing, for example, the spacing 
should be 1.5 inches for an impedance of 208 
ohms. 

The length, B, of the matching section 
should be equal to a quarter wavelength, and 
is given by 


Length of % . 234 
wave line (feet) Freq. (Mc.) 


The length of the antenna can be calculated 
from the formula (§ 10-2) or taken from the 
charts of Fig. 1015. 

This system has the advantage of the sim- 
plicity of adjustment of the twisted pair feeder 
system and at the same time the superior in- 
sulation of an open-wire system. Figs. 1010-B, 
D, G (§ 10-6) and H represent suitable meth- 
ods of coupling to the transmitter. 

Linear transformers — Fig. 1021 shows 
two methods of coupling a non-resonant line 
to a half-wave antenna through a quarter- 
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Fig. 1021 — Half-wave antenna systems with quarter- 
wave open wire matching transformers. 


wave linear transformer (§ 10-5) or matching 
section. In the case of the center-fed antenna 
the free end of the matching section, B, is 
open (high impedance) since the other end is 
connected to a low-impedance point on the 
antenna. With the end-fed antenna the free end 
of the matching section is closed through a 
shorting bar or link; this end has low imped- 
ance since the other end is connected to a 
high-impedance point on the antenna (§ 10-7). 

In the center-fed system, the antenna and 
matching section should be cut to lengths 
found from the equations in § 10-2 and § 10-5. 
Any necessary on-the-ground adjustment can 
be made by adding to or clipping off the open 
ends of the matching section. The matching 
section in the end-fed system can be adjusted 
by making the line a little longer than neces- 
sary and adjusting the system to resonance 
by moving the shorting link up and down. 
Resonance can be obtained by exciting the 
antenna at the proper frequency from a 
temporary antenna nearby and measuring 
the current in the shorting bar by a-low-range 
r.f. ammeter or galvanometer. The position 
of the bar should be adjusted for maximum 
current reading. This should be done before 
the transmission line is attached to the match- 
ing section. 

The position of the line taps must be deter- 
mined experimentally, since it will depend 
upon the impedance of the line as well as the 
antenna impedance at the point of connection. 
The procedure is to take a trial point, apply 
power to the transmitter, and check the 
transmission line for standing waves. This 
can be done by measuring the current in the 
wires, using a device of the type pictured in 


Fig. 1022. The hooks (which should be sharp 
enough to cut through insulation, if any, of the 
wires) are placed on one of the wires, the spac- 
ing between them being adjusted to give a 
suitable reading on the meter. At any one posi- 
tion along the line the currents in the two 
wires should be identical. Readings taken at 
intervals of a quarter wavelength will indicate 
whether or not standing waves are present. 

It will not usually be possible to obtain 
complete elimination of standing waves when 
the matching stub is exactly resonant. The 
line taps should be adjusted for the smallest 
obtainable standing-wave ratio. Then a further 
“touching up” of the matching stub tuning 
will eliminate the remaining standing wave, 
provided the adjustments are made carefully. 
The stub must be readjusted because when 
resonant it exhibits some reactance as well as 
resistance at all points except at the ends, and 
the slight lengthening or shortening of the 
stub is necessary to tune out this reactance. 
The required readjustment is quite small, 
however. 

When the connection between matching 
section and antenna is unbalanced, as in the 
end-fed system, it is important that the 
antenna be the right length for the operating 
frequency if a good match is to be obtained 
(§ 10-7). The balanced center-fed system is less 
critical in this respect. The © shorting-bar 
method of tuning the center-fed system to 
resonance may be used if the matching section 
is extended to a half wavelength, bringing a 
current loop at the free end. 

An impedance mismatch of several per cent 
is of little consequence so far as power trans- 
fer to the antenna is concerned. It is relatively 
easy to get the standing wave ratio down to 
2 or 8 to 1, a perfectly satisfactory condition in 
practice. Of considerably greater importance 
is the necessity for getting the currents in the 
two wires balanced both as to amplitude and 
phase. If the currents are not the same at 
corresponding points on adjacent wires, and 
the loops and nodes do not also occur at cor- 
responding points, there will be considerable 
radiation loss. This balance can only be 
brought about by perfect symmetry in the 
line, particularly with respect to ground. This 
symmetry should extend to the coupling ap- 
paratus at the transmitter. An electrostatic 
shield between the line and the transmitter 
coupling coils often will be of value in pre- 
venting capacity unbalance, and at the same 
time will reduce harmonic radiation. 


@10-9 LONG-WIRE ANTENNAS 


Definition — An antenna will be resonant 
if an integral number of standing waves of 
current and voltage can exist along its length; 
in other words, so long as its length is some 
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_ Fig. 1022 — Line-current measuring device for ad- 
justment of untuned transmission lines. 


integral multiple of a half-wavelength. When 
the antenna is more than a half-wave long, it 
is usually called a long-wire antenna, or a 
harmonic antenna. 

Current and voltage distribution — Fig. 
1023 shows the current and voltage distribu- 
tion along a wire operating at its fundamental 
frequency (where its length is equal to a half 
wavelength) and at its second, third and 
fourth harmonics. For example, if the funda- 
mental frequency of the antenna is 7 Mc., 
the current and voltage distribution will be 
as shown at A. The same antenna excited at 
14 Me. would have current and voltage dis- 
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half-waves con- 
tained in the antenna at the particular operat- 
ing frequency. 

The polarity of current or voltage in each 
standing wave is opposite to that in the ad- 
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an- 
tenna (taken as a zero reference line) to indi- 
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 
flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of multi-band 
operation with one antenna. 

Physical lengths — The length of a long- 
wire antenna is not an exact multiple of that of 
a half-wave antenna because the end effects 
(§ 10-2) operate only on the end sections of 
the antenna; in other parts of the wire these 
effects are absent and the wire length is ap- 
proximately that of an equivalent portion of 
the wave in space. The formula for the length 
of a long-wire antenna therefore is: 


Length (feet) = Ue 
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Fig. 1023 — Current and voltage distribution along 
an antenna operated at various harmonics of its funda- 
mental resonant frequency. 


where N is the number of half-waves on the 
antenna. From this it is apparent that an 
antenna cut as a half-wave for a given fre- 
quency will be slightly off resonance at exactly 
twice that frequency (on the second harmonic) 
because of the different behavior of end effects 
when there is more than one standing wave on 
the antenna. For instance, if the antenna is 
cut to exact fundamental resonance on the 
second harmonic (full wave) it should be 
2.6% longer, and on the fourth harmonic 
(two-wave), 4% longer. The effect is not very 
important except for a possible unbalance in 
the feeder system (§ 10-7) which may result 
in some radiation from the feeder in end-fed 
systems. 

Impedance and power gain — The radia- 
tion resistance as measured at a current loop 
becomes larger as the antenna length is in- 
creased. Also, a long-wire antenna radiates 
more power in its most favorable direction 
than does a half-wave antenna in its most 
favorable direction. This power gain is secured 
at the expense of radiation in other directions. 
Fig. 1024 shows how the radiation resistance 
and power in the lobe of maximum radiation 
vary with the antenna length. 

Directional characteristics — As the wire 
is made longer, in terms of the number of half 
wavelengths, the directional effects change. 
Instead of the ‘“‘doughnut” pattern of the 
half-wave antenna, the directional character- 
istic splits up into ‘‘lobes” which make vari- 
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ous angles with the wire. In general, as the 
length of the wire is increased the direction of 
maximum radiation tends to approach the 
line of the antenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 1025, 1026 
and 1027, for three vertical angles of radiation. 
Note that as the wire length increases the 
radiation along the line of the antenna becomes 
more pronounced. Still longer antennas can 
be considered to be practically ‘‘end-on”’ 
radiators, even at the lower radiation angles. 

Methods of feeding — In a long-wire an- 
tenna the currents in adjacent half-wave sec- 
tions must be out of phase, as shown in Fig. 
1028 and Fig. 1023. The feeder system must 
not upset this phase relationship. This re- 
quirement is met by feeding the antenna at 
either end or at any current loop. A two-wire 
feeder cannot be inserted at a current node, 
however, because this invariably brings the 
currents in two adjacent half-wave sections in 
phase; if the phase in one section could be re- 
versed then the currents in the feeders would 
be in phase and the feeder radiation would not 
be cancelled out. 

Either resonant or non-resonant feeders may 
be used. With the latter, the systems employ- 
ing a matching section (§ 10-8) are best. The 
non-resonant line may be tapped on the 
matching section as in Fig. 1021 or a ‘Q” 
type section, Fig. 1020, may be employed. 


180 







a 


on 


8 
> aes 
POWER RATIO 


RADIATION RESISTANCE_~ OHMS. 


[A 


(2345678 9 ON 122 13 4 
ANTENNA LENGTH -2 


BESERARRE SSE RAE 
ee 
SEP eRRESR ee 
SZRRRRRRRRE ERE 





Fig. 1024 — Curve A, variation in radiation resistance 
with antenna length. Curve B, power in the lobes of 
maximum radiation for long-wire antennas as a ratio to 
the maximum of a half-wave antenna. 





Fig. 1025 — Horizontal patterns of radiation from a 
full-wave antenna. Solid line, vertical angle 15 degrees; 
dotted lines, deviation from 15-degree pattern at 9 and 
30 degrees. 

All three patterns are drawn to the same relative scale; 
actual amplitudes will depend upon the height of the 
antenna. 


In such case, Fig. 1029 gives the required surge 
impedance for the matching section. It can 
also be calculated from Equation 9 (§ 10-8) 
and the radiation resistance data in Fig. 1024. 

Methods of coupling the line to the trans- 
mitter are the same as described in § 10-6 for 
the particular type of line used. 
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Fig. 1026 — Horizontal patterns of radiation from an 
antenna three half-wavelengths long. Solid line, vertical 
angle 15 degrees; dotted lines, deviation from 15-degree 
pattern at 9 and 30 degrees. The minor lobes coincide 
for all three angles. 
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@10-10 MULTI-BAND ANTENNAS 
Principles — As suggested in the preceding 
section, the same antenna may be used for 
several bands by operating it on harmonics. 
When this is done, it is necessary to use reso- 
nant feeders, since the impedance matching for 
non-resonant feeder operation can be accom- 
plished only at one frequency unless means are 
provided for changing the length of a matching 
section and shifting the point at which the 
feeder is attached to it. A matching section 
which is a quarter-wavelength long on one 
frequency will be a half-wavelength long on 
twice that frequency, and so on, and changing 





Fig. 1027 — Horizontal patterns of radiation from 
an antenna two wavelengths long. Solid line, vertical 
angle 15 degrees; dotted lines, deviation from 15-degree 
pattern at 9 and 30 degrees. The minor lobes coincide 
for all three angles. 


the length of the wires, even by switching, is 
inconvenient. 

Also, the current loops shift to a new posi- 
tion on the antenna when it is operated on 
harmonics, further complicating the feed situa- 
tion. It is for this reason that half-wave an- 
tennas center-fed by rubber-insulated lines are 
practically useless for harmonic operation; on 
all even harmonics there is a voltage maximum 
at the feed point and the impedance mismatch 
is so bad that there is a large standing-wave 
ratio and consequently high losses in the 
rubber dielectric. 

When the same antenna is used for work in 
several bands, it must be realized that the 
directional characteristic will depend on the 
band in use. 

Simple systems— Any of the antenna 
arrangements shown in § 10-7 may be used for 
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Fig. 1028 — Current distribution and feed points for 
long-wire antennas. A 3/2-wave antenna is used as an 
illustration. With two-wire feed, the line may be con- 
nected at the end of the antenna or at any current loop 
(not at a current node). 


multi-band operation by making the antenna a 
half wave long at the lowest frequency to be 
used. The feeders should be a quarter wave, or 
some multiple of a quarter wave, long at the 
same frequency. Typical examples, with the 
type of tuning to be used, are given in Table 
I. The figures given represent a compromise to 
give satisfactory operation on all the bands 
considered, taking into account the change 
in required length as the order of the harmonic 
goes up. 

A. center-fed half-wave antenna will not 
operate as a long wire on harmonics because of 
the phase reversal at the feeders previously 
mentioned (§ 10-9). On the second harmonic, 
the two antenna sections are each a half wave 
long, and since the currents are in phase the 
directional characteristic is different from that 
of a full-wave antenna even though the overall 
length is the same. On the fourth harmonic, 
each section is a full wave long and again be- 
cause of the direction of current flow the system 
will not operate as a two-wave antenna. It 
should not be assumed that these systems are 
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not effective radiators — it is simply that the 
directional characteristic will not be that of a 
long-wire having the same overall length. 
Rather it will resemble the characteristic of 
one side of the antenna, although this is not 
exact. 

Antennas with a few other types of feed sys- 
tems may be operated on harmonics for the 
higher-frequency bands, although their per- 
formance is somewhat impaired. The single- 
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Fig. 1030 — A simple antenna system for five ama- 
teur bands. The antenna is voltage fed on 3.5, 7, 14 and 
28 Mc., working on the fundamental, second, fourth and 
eighth harmonics, respectively. For 1.75 Me. the system 
is a quarter-wave grounded antenna, in which case 
series tuning must be used. The antenna wire should be 
kept well in the clear and should be as high as possible. 

If the length of the antenna is approximately 260 
feet, voltage feed can be used on all five bands. 


wire fed antenna (§ 10-8) may be used in 
this way; the feeder and antenna will not be 
matched exactly on harmonics with the result 
that standing waves will appear on the feeder, 
but the system as a whole will radiate. The 







Fig. 1029 — Required surge impedance of 
quarter-wave matching sections for radiators 
of various lengths. Curve A is for a transmis- 
sion line impedance of 440 ohms, Curve B for 
470 ohms, Curve C for 580 ohms and Curve 
D for 600 ohms. 









Fig. 1031 — Current distribution on 
antennas too short for the fundamental 
frequency. These systems may be used 
when space for a full half-wave antenna 
is not available. The current distribution 
on the second harmonic also is shown to 
the right of each figure. In A and C, the 
total length around the system is a half- 
wavelength at the fundamental fre- 
quency. Arrows show instantaneous 
direction of current flow. 


TABLE I 


Mutri-Banp Resonant-Linge FED ANTENNAS 





A Feeder 
ntenna Len ath 


Length (ft.) (ft.) 


"ype of 
Tuning 





With end feed: : 
243 120 series 

parallel 

parallel 


parallel 





series 

parallel 
parallel 
parallel 





series 


7 Me. parallel 





7 Me. 
14 Me. 
28 Me. 


series 
parallel 
parallel 








With center feed: 
272 1.75 Me. 

3.5 Me. 
7 Me. 
14 Me. 
28 Me. 





parallel 
parallel 
parallel 
parallel 
parallel 





3.5 Me. parallel 

7 Me. parallel 
14 Me. parallel 
28 Me. parallel 





7 Me. parallel 
14 Me. parallel 
28 Mc. parallel 














The antenna lengths given represent compromises 
for harmonic operation because of different end 
effects on different bands. The 136-foot end-fed 
antenna is slightly long for 3.5 Me., but will work 
well in the region (3500-3600 ke.) which quadruples 
into the 14-Mc. band. Bands not shown are not 
recommended for the particular antenna. The cen- 
ter-fed systems are less critical as to length; the 
272-foot antenna may, for instance, be used for both 
c.w. and ’phone on either 1.75 or 4 Mc. without loss 
of. efficiency. 

On harmonics, the end-fed and center-fed anten- 
nas will not have the same directional characteris- 
tics, as explained in the text. 
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same is true of the delta-matched antenna. 
The ‘‘Q” antenna (§ 10-8) also can be oper- 
ated on harmonies, but the line cannot operate 
non-resonant except at the fundamental fre- 
quency of the antenna. For harmonic operation 
the line must be tuned and, therefore, the 
feeder length is important. The tuning system 
will depend upon the number of quarter waves 
on the line, including the ‘‘Q” bars. The 
concentric-line fed antenna (§ 10-8) may be 
used on harmonies if the concentric line is 
air-insulated. Its operation on harmonics is 
similar to that of the “Q.” This antenna is not 
recommended for multi-band operation with a 
rubber-insulated line, however. 

A simple antenna system, without feeders, 
for operation in five bands is shown in Fig. 
1030. On all bands from 3.5 Me. upward it 
operates as an end-fed antenna — half-wave 
on 8.5 Mce., long wire on the other bands. On 
1.75 Me. it is only a quarter-wave in length and 
must be worked against ground, which in effect 
replaces the missing half of the antenna. Since 
on this band it is fed at a high-current point, 
series tuning (§ 10-6) must be used. 

Antennas for restricted space — If the 
space available for the antenna is not large 
enough to accommodate the length neces- 
sary for a half-wave at the lowest frequency to 
be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 
up the missing length in the feeder system. 
The antenna itself may be as short as a quar- 
ter wavelength and still radiate fairly well, 
although of course it will not be as effective 
as one a half-wave long. Nevertheless such a 
system is useful where operation on the de- 
sired band otherwise would be impossible. 

Resonant feeders are a practical necessity 
with such an antenna system, and a center-fed 
antenna will give best all-around performance. 
With end feed the feeder currents become 
badly unbalanced and, since lengths midway 
between those requiring series or parallel 
tuning ordinarily must be used to bring the 
entire system to resonance, coupling to the 
transmitter often becomes difficult. 
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With center feed, practically any con- 
venient length of antenna can be used if 
the feeder length is adjusted to accommodate at 
least one half-wave around the whole system. 
Typical cases are shown in Fig. 1031, one for 
an antenna having a length of one-quarter 
wave (A) and the other for an antenna some- 
what longer (C) but still not a half-wave long. 
Current distribution is shown for both funda- 
mental and second harmonic. From the points 
marked X resonant feeders any convenient 
number of quarter waves in length may be 
extended to the operating room. The sum of 
the distances on each wire from X to the an- 
tenna end must equal a half-wave. It is suffi- 
ciently accurate to use Equation 2 (§ 10-2) 
in calculating this length. Note that X-X is a 
high-current point on these shortened anten- 
nas, corresponding to the center of a half-wave 
antenna. It is also apparent that the antenna 
at A is a half-wave antenna on the next higher- 
frequency band (B). 

The practical antenna can be made as in 
Fig. 1032. Table IT gives a few recommended 
lengths. Remembering the preceding discus- 
sion, however, the antenna can be made any 
convenient length provided the feeder is con- 
sidered to ‘“‘begin”’ at X-X, and the line length 
adjusted accordingly. 


TABLE II 


ANTENNA AND FEEDER LENGTHS FOR SHORT 
Mutti-Bann ANTENNAS, CENTER-FED 





Feeder 
Length 
(ft.) 


137 68 


Type of 
Tuning 


Antenna 


Length (ft.) Band 





series 

parallel 
parallel 
parallel 
parallel 


1.75 Me. 
3.5 Me. 
7 Mc. 
14 Mc. 
28 Me. 


3.5 Me. 

7 Me. 
14 Me. 
28 Me. 





parallel 
series 
series 
series or 
parallel 





3.5 Me. 

7 Me. 
14 Mc. 
28 Me. 


7 Mc. 
14 Me. 
28 Mc. 


7 Me. 
14 Me. 
28 Me. 


series 

parallel 
parallel 
parallel 








parallel 
parallel 
parallel 





parallel 
parallel 
parallel 





7 Me. 
14 Me. 
28 Me. 


parallel 
series 
parallel 
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Fig. 1032 — Practical arrangement of a shortened 
antenna. The total length A + B+ B+ A, should be 
a half-wavelength for the lowest-frequency band, usually 


3.5 Mc. See Table II for lengths and tuning data. 


Bent antennas — Since the field strength at 
a distance is proportional to the current in the 
antenna, the high-current part of a half-wave 
antenna (the center quarter-wave, approxi- 
mately) does most of the radiating (§ 10-1). 
Advantage can be taken of this fact when the 
space available does not permit erecting an 
antenna a half-wave long. To accomplish it, 
the ends may be bent, either horizontally or 
vertically, so that the total length equals a 
half wave, even though the straightaway 
horizontal length may be as short as a quarter 
wave. The operation is illustrated in Fig. 1033. 
Such an antenna will be a somewhat better 
radiator than the arrangement of Fig. 1031-A 
on the lowest frequency, but is not as desirable 
for multi-band operation because the ends play 
an increasingly important part as the fre- 
quency is raised. The performance of the 
system in such a case is difficult to predict, 
especially if the ends are vertical (the most 
convenient arrangement) because of the com- 
bination of horizontal and vertical polarization 
as well as dissimilar directional characteristics. 


@10-1l LONG-WIRE DIRECTIVE 
ARRAYS 


The “‘V’? antenna — It has been empha- 
sized that as the antenna length is increased 
the lobe of maximum radiation makes a more 
acute angle with the wire (§ 10-9). Two such 


Fig. 1033 — Folded arrangement for shortened an- 
tennas. The total length is a half-wave, not including 
the feeders. The horizontal part is made as long as 
convenient and the ends dropped down to make up the 
required length. ‘he ends may be bent back on them- 
selves in feeder fashion to cancel radiation partially. 
The horizontal section should be at least a quarter-wave 
long. 


wires may be combined in the form of a i) 
horizontal ‘“V” so that the main lobes 105 
from each wire will reinforce along a line 100 
bisecting the angle between the wires. 
This increases both gain and directivity, 
since the lobes in directions other than a 
along the bisector cancel to a greater or 
lesser extent. The horizontal ‘‘V” an- 
tenna therefore transmits best in either 
direction (is bi-directional) along the line 
bisecting the ‘‘V”’ made by the two wires. 
The power gain depends upon the length 
of the wires. Provided the necessary space 
is available, the ‘‘V” is a simple antenna 
to build and operate, and can be used 
readily on harmonics so that it is suitable 
for multi-band work. The “V” antenna 45 
is shown in Fig. 1034. ed 

Fig. 1035 shows the dimensions that 
should be followed for an optimum design 
to obtain maximum power gain for differ- 
ent-sized ‘‘V’’ antennas. The longer sys- 
tems give good performance in multi-band op- 
eration. Angle a is approximately equal to twice 
the angle of maximum radiation for a single 
wire equal in length to one side of the ‘‘V.” 

The wave angle referred to in Fig. 1035 is the 
vertical angle of maximum radiation (§ 10-1). 
Tilting the whole horizontal plane of the ‘‘V”’ 
will tend to increase the low-angle radiation 
off the low end and decrease it off the high end. 

The gain increases with the length of the 
wires, but is not exactly twice the gain for a 
single long wire as given in Fig. 1024. In the 
longer lengths, the gain will be somewhat 
increased because of mutual coupling between 
the wires. A ‘“V” eight wavelengths on a leg, 
for instance, will have a gain of about 12 
db. over a half-wave antenna, whereas twice 
the gain of a single 8-wavelength wire would 
be approximately 9 db. 

The two wires of the ‘‘V”’ must be fed out of 
phase for correct operation. A resonant line 
may simply be attached to the ends as shown 
in Fig. 1034. Alternatively, a quarter-wave 
matching section may be employed and the 
antenna fed through a non-resonant line 
(§ 10-8). If the antenna wires are made multi- 
ples of a half-wave in length (use Equation 
10, § 10-9, for computing the length) the 
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Fig. 1034— The “V” antenna, made by combining 
two long wires in such a way that each reinforces the 
other’s radiation. The important quantities are the 
length of each leg and the angle between legs. 
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Fig. 1035 — Design chart for horizontal “V” antennas. 
Enclosed angle between wires versus length of sides. 


matching section will be closed at the free end. 

The rhombic antenna — The horizontal 
rhombic or ‘‘diamond” antenna is shown in 
Fig. 1036. Like the ‘‘V,” it requires a good deal 
of space for erection, but it is capable of giving 
excellent gain and directivity. It can also be 
used for multi-band operation. In the ter- 
minated form shown in Fig. 1036 it operates, 
like a non-resonant transmission line, without 
standing waves, and is uni-directional. It may 
also be used without the terminating resistor, 
in which case there are standing waves on the 
wires and the antenna is bi-directional. 

The important quantities influencing the 
design of the rhombic antenna are-shown in 
Fig. 1036. While several design methods may 
be used, the one most applicable to the condi- 
tions existing in amateur work is the so-called 
““compromise’””> method. The chart of Fig. 
1037 gives design information based on a 
given length and wave angle to determine the 
remaining optimum dimensions for best opera- 
tion. Curves for values of length of 2, 3 and 4 
wavelengths are shown, and intermediate 
values may. be interpolated. 

With all other dimensions correct, an increase 
in length causes an increase in power gain and 
a slight reduction in wave angle. An increase 
in height also causes a reduction in wave angle 
and an increase in power gain but not to the 
same extent as a proportionate increase in 
length. ' 

For multi-band work, it is satisfactory to 
design the rhombic antenna on the basis of 
14-Me. operation, which will permit work on 
the 7- and 28-Mc. bands as well. 

A value of 800 ohms is correct for the termi- 
nating resistor for any properly constructed 
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pedance will be matched by an 800- 
ohm line, which may be constructed 
from No. 16 wire spaced 20 inches 
or from No. 18 wire spaced 16 inches. 
The 800-ohm line is somewhat un- 
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Fig. 1036 — The horizontal rhombic or diamond an- 
tenna, terminated. 


rhombic, and the system behaves as a pure re- 
sistive load under this condition. This termi- 
nating resistor must be capable of safely 
dissipating one-half the power output (to 
eliminate the rear pattern) and should be 
non-inductive. Such a resistor may be made up 
from a carbon or graphite rod or from a long 
800-ohm . transmission line using resistance 
wire. If the carbon rod or a similar form of 
lumped resistance is used the device should be 
suitably protected from weather effects, i.e., 
covered with good asphaltic compound and 
sealed in a small light-weight box or fibre 
tube. Suitable resistors are available commer- 
cially. 

For feeding the antenna, the antenna im- 
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gainly to install, however, and may 
be replaced by an ordinary 600-ohm 
line with only a negligible mismatch. 

Alternatively, a matching section 
may beinstalled between the antenna 
terminals and a low-impedance line. 
However, when such an arrangement 
is used it will be necessary to change 
the matching section constants for 
each different band of operation. 

The same design details apply to 
the unterminated rhombic as to the 
terminated type. Resonant feeders 
are preferable for the unterminated rhombic. 
A non-resonant line may be used by incorpo- 
rating a matching section at the antenna, but 
is not readily adaptable to multi-band work. 

Rhombic antennas will give a power gain of 
10 db. or more when constructed according to 
the charts given. In general, the larger the 
antenna the greater the power gain. 


@10-12 DIRECTIVE ARRAYS WITH 
DRIVEN ELEMENTS 

Principles — By combining individual half- 
wave antennas into an array with suitable 
spacing between antennas (called elements) 
and feeding power to them simultaneously, it 
is possible to make the radiated fields from the 
individual elements add in a favored direction, 
thus increasing the field strength in that 
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F ig. 1037 — Compromise method design chart for 
various leg lengths and wave angles. The following ex- 
amples illustrate the use of the Chart: 


(1) Given: Length (L) = 2 wave-lengths. 
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direction as compared to that produced by 
one antenna element alone. In other direc- 
tions the fields will more or less oppose each 
other, giving a reduction in field strength. 
Thus the power gain in the desired direction 
is secured at the expense of a power reduction 
in other directions. 

Besides spacing between elements, the in- 
stantaneous direction of current flow (phase) 
in individual elements determines the directiv- 
ity and power gain. There are several methods 
of arranging the elements. If they are strung 
end to end so that all lie on the same straight 
line, the elements are said to be collinear. If 
they are parallel and all lying in the same 
plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents are not 
in phase. Elements which receive power from 
the transmitter through the transmission line 
are called driven elements. 

The power gain of a directive system in- 
creases with the number of elements. The 
proportionality between gain and number of 
elements is not simple, however, but depends 
upon the effect of the spacing and phasing 
upon the radiation resistance of the elements, 
as well as upon their number. 

Collinear arrays — Simple forms of col- 
linear arrays, with the current distribution, 
are shown in Fig. 1038. The two-element array 
at A is popularly known as ‘‘two half-waves 
in phase.” It will be recognized as simply a 
center-fed antenna operated at its second 
harmonic. The way in which the number of 
elements may be extended for increased direc- 
tivity and gain is shown in Fig. 1038-B. Note 
that quarter-wave transmission lines are used 
between each element; these give the reversal 
in phase necessary to make the currents in 
individual antenna elements all flow in the 
same direction at the same instant. Another 
way of looking at it is to consider that the 
whole system is a long wire with alternate 
half-wave sections folded so that they do not 
radiate. Any phase-reversing section may be 
used as a quarter-wave matching section for 
attaching a non-resonant feeder (§ 10-8), or a 
resonant transmission line may be substituted 
for any of the quarter-wave sections. Also, the 
antenna may be end-fed by any of the systems 
previously described (§ 10-7, 10-8) or any 
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Fig. 1038 — Collinear half-wave antennas in 
phase. The system at A is generally known as 
“two-half-waves in phase.” B is an extension of 
the system; in theory it may be carried on in- 
definitely, but practical considerations usually 
limit the number of elements to four. 
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Fig. 1039— The broadside array using half-wave 
elements. Arrows indicate direction of current flow. The 
transposition in feeders is necessary to bring the an- 
tenna currents in phase. Any reasonable number of 
elements may be used. The array is bi-directional per- 
pendicular to the plane of the antenna; i.e., perpendicu- 
larly through this page. 


element may be center-fed. It is best to feed at 
the center of the array so that the energy will 
be distributed as uniformly as possible among 
the elements. 

The gain and directivity depend upon the 
number of elements and their spacing, center- 
to-center. This is shown by Table III. Al- 
though 34-wave spacing gives greater gain, 
it is difficult to construct a suitable phase- 
reversing system when the ends of the antenna 
elements are widely separated. For this reason 
the half-wave spacing is generally used. 


TABLE II 


THEORETICAL GAIN OF COLLINEAR Hatr-WAVE 
ANTENNAS 





Number of Half Waves 


Spacing Between 
Centers of Adjacent 
Half Waves 


in Array vs. Gain in db. 








14 Wave 
34 Wave 








Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount- 
ing gives horizontal directivity, with vertical 
directivity the same as for a single element at 
the same height. Vertical mounting gives the 
same horizontal pattern as a single element, 
but concentrates the radiation at low angles. It 
is seldom possible to use more than two ele- 
ments vertically at frequencies below 14 Mc. 
because of the height required. 
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Broadside arrays — Parallel antenna ele- 
ments with currents in phase may be com- 
bined as shown in Fig. 1039 to form a broadside 
array, so named because the direction of 
maximum radiation is broadside to the plane 
containing the antennas. Again the gain and 
directivity depend upon the number of 
elements and the spacing, the gain for different 
spacings being shown in Fig. 1040. Half-wave 
spacing is generally used, since it simplifies 
feeding when the array has more than two 
elements. Table IV gives theoretical gain as a 
function of the number of elements. 

Broadside arrays may be suspended either 
with the elements all vertical or with them 
horizontal and one above the other (stacked). 
In the former case the horizontal pattern is 
quite sharp while the vertical pattern is that 
of one element alone. If the array is suspended 
horizontally the horizontal pattern is that of 
one element while the vertical pattern is 
sharp, giving low-angle radiation. 

Broadside arrays may be fed either by reso- 
nant transmission lines (§ 10-7) or through 
quarter-wave matching sections and non- 
resonant lines (§ 10-8). In Fig. 1039, note the 
“crossing over’? of the feeder, necessary to 
bring the elements in proper phase relationship. 

Combined broadside and collinear arrays 
— Broadside and collinear arrays may be 
combined to give both horizontal and vertical 
directivity, as well as additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 1041. The lower angle of radia- 
tion resulting from stacking elements in the 
vertical plane is desirable at the higher fre- 
quencies. In general, doubling the number of 
elements in an array by stacking will raise the 
gain 2 to 4 db., depending upon whether ver- 
tical or horizontal elements are used — that 
is, whether the stacked elements are broadside 
or collinear. 

The arrays in Fig. 1041 are shown fed from 


GAIN OVER HALF-WAVE -DB 








Ya 4 Xe Y2 Sg %, 
ELEMENT SPACING 


Fig. 1040 — Gain vs. spacing for two parallel half- 
wave elements. 
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Fig. 1041 — Combination broadside and _ collinear 
arrays. A, with vertical elements; B, with horizontal 
elements. Both arrays give low-angle radiation. Two or 
more sections may be used. 

The gain in db. will be equal, approximately, to the 
sum of the gain for one set of broadside elements (‘Table 
IV) plus the gain of one set of collinear elements (Table 
III). For example, in A each broadside set has four ele- 
ments (gain 7 db.) and each collinear set two elements 
(gain 1.8 db.) giving a total gain of 8.8 db. In B each 
broadside set has two elements (gain 4 db.) and each 
collinear set three elements (gain 3.3 db.) making the 
total gain 7.3 db. The result is not strictly accurate be- 
cause of mutual coupling between elements, but is good 
enough for practical purposes. 


one end, but this is not especially desirable in 
the case of large arrays. Better distribution of 
energy between elements, and hence better 
all-around performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus in the 8-element array 
at A the feeders could be introduced at the 
middle of the transmission line between the 
second and third set of elements, in which case 
the connecting line would not be transposed. 
Or the antenna could be constructed with the 
transpositions as shown and the feeder con- 
nected between the adjacent ends of either the 
second or third pair of collinear elements. 

A four-element array of the general type 
shown at B is frequently used. It is shown, 
with the feed point indicated, in Fig. 1042. 

End-fire arrays — Fig. 1043 shows a pair 
of parallel half-wave elements with currents 
out of phase. This is known as an end-fire array 


TABLE IV 


THEORETICAL Gain vs. NUMBER OF BROADSIDE 
EvLemMents (Hatr-WAvE SPACING) 





No. of Elements Gain 





4 db. 
5.5 db. 
7 db. 
8 db. 
9 db. 


because it radiates best along the line of the 
antennas, aS shown. 

The end-fire array may be used vertically or 
horizontally (elements at the same height) and 
is well adapted to amateur work because it 
gives maximum gain with relatively close 
element spacing. Fig. 1040 shows how the gain 
varies with spacing. End-fire elements may be 
combined with additional collinear and broad- 
side elements further to increase the gain and 
directivity. 

Either resonant or non-resonant lines may be 
used with this type of array, the latter being 
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Fig. 1042 — A four-element combination broadside- 
collinear popularly known as the “lazy H” antenna. A 
closed quarter-wave stub may be used at the feed point to 
match into a 600-ohm line, or resonant feeders may be 
attached at the point shown. The gain over a half-wave 
antenna is 5 to 6 db. 


preferably matched to the antenna through a 
quarter-wave matching section (§ 10-8). 

Checking phasing — Figs. 1041 and 1043 
illustrate a point in connection with feeding 
a phased antenna system which sometimes is 
confusing. In Fig. 1048 when the transmission 
line is connected as at A there is no cross- 
over in the line connecting the two antennas, 
but when the transmission line is connected to 
the center of the connecting line the cross- 
over becomes necessary (B). This is because 
in B the two halves of the connecting line are 
simply branches of the same line. In other 
words, even though the connecting line in B 
is a half-wave in length, it is not actually a 
half-wave line but two quarter-wave lines in 
parallel. The same thing is true of the un- 
transposed line of Fig. 1041. Note that under 
these conditions the antenna elements are in 
phase when the line is not transposed, and 
out of phase when the transposition is made. 
The opposite is the case when the half-wave 
line simply joins two antenna elements and 
does not have the feed line connected to its 
center,.as in Fig. 1039. 

Adjustment of arrays — With arrays of 
the types just described, using half-wave 
spacing between elements, it will usually 
suffice to make the length of each element 
that given by the equation for a half-wave 
antenna in § 10-2, while the half-wave phasing 
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Fig. 1043 — End-fire arrays. They are shown with 
half-wave spacing to illustrate feeder connections. In 
practice, closer spacings are desirable, as shown by 
Fig. 1040. Direction of maximum radiation is shown by 
the large arrows. 


lines between parallel elements can be calcu- 
lated from the formula 


Length of half- _ 492 X 0.975 _ 480 
wave line (feet) Freq. (Mc.) Freq. (Mc.) 


The spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments are needed provided the 
formulas are followed carefully. 

With collinear arrays of the type shown in 
Fig. 1038-B the same formula may be used 
for the element length, while the quarter-wave 
phasing section can be calculated from Equa- 
tion 7 (§ 10-5). If the array is fed at its center 
it will not be necessary to make any particular 
adjustments, although if desired the whole 
system may be resonated by connecting an 
r.f. ammeter in the shorting link on each phas- 
ing section and moving the link back and forth 
to find the maximum current position. This 
refinement is hardly necessary in practice so 
long as all elements are the same length and 
the system is symmetrical. 

Simple arrays — Several simple directive 
antenna systems using driven elements are in 
rather wide use among amateurs. They are 
shown in Fig. 1044. Tuned feeders are assumed 
in all cases; however, a matching section 
(§ 10-8) readily can be substituted if a non- 
resonant transmission line is preferred. Dimen- 
sions given are in terms of wavelength; actual 
lengths readily can be calculated from the 
equations in § 10-2 for the antenna and Equa- 
tion 7 (§ 10-5) for the resonant transmission 
line or matching section. In cases where the 
transmission line proper connects to the mid- 
point of a phasing line, only half the length of 
the latter is added to the line to find the 
quarter-wave point. 

At A and B are two-element end-fire arrange- 
ments using close spacing. They are electrically 
equivalent; the only difference is in the method 
of connecting the feeders. B may also be used 
as a four-element array on the second har- 
monic, although the spacing is not quite opti- 
mum (Fig. 1040) in that case. A close-spaced 
four-element array is shown at C. It will give 
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about 2 db. more gain than the two-element 
array. The antenna at D is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half- 
wave center-to-center spacing, but without 
introducing feed complications. The elements 
are made longer than a half wave to bring this 
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Fig. 1044 — Simple directive systems. A, two-element 
end-fire array; B, same with center feed, which permits 
use of the array on the second harmonic, where it be- 
comes a four-element array with quarter-wave spacing 
C, four-element end-fire array with 14-wave spacing. 
D, extended in-phase antennas (“extended double- 
Zepp”). The gain of A and B is slightly over 4 db. On 
the second harmonic, B will give about 5 db. gain. With 
C, the gain is approximately 6 db., and with D, approxi- 
mately 3 db. 

In the first three, the phasing line contributes about 
1/16th wavelength to the transmission line; when B is 
used on the second harmonic this contribution is 4 
wavelength. Alternatively, the antenna ends may be 
bent to meet the transmission line, in which case each 
feeder is simply connected to one antenna. In D, points 
Y-Y indicate a quarter-wave point (high current) and 
X-X a half-wave point (high voltage). The line may be 
extended in multiples of quarter-waves, if resonant 
feeders are to be used. 

A, B, and C may be suspended on wooden spreaders. 
The plane containing the wires should be parallel to the 
ground. 


about. The gain is 3 db. over a single half-wave 
antenna, and the broadside directivity is quite 
sharp. 

The antennas of A and B may be mounted 
either horizontally or vertically; horizontal 
suspension (with the two elements in a plane 
parallel to the ground) is recommended, since 
this tends to give low-angle radiation without 
an unduly sharp horizontal pattern. Thus these 
systems are useful for coverage over a wide 
horizontal angle. The system at C, when 
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mounted horizontally, will have a sharper 
horizontal pattern than the two-element 
arrays. 


@10-13 DIRECTIVE ARRAYS WITH 
PARASITIC ELEMENTS 


Parasitic excitation — The antenna arrays 
described in § 10-12 are bi-directional; that is, 
they will radiate both to the ‘‘front”’ and the 
“back” of the antenna system. If radiation is 
wanted in only one direction (for instance, 
north only, instead of north-south) it is neces- 
sary to use different element arrangements. 
In most of these the additional elements receive 
power by induction or radiation from the 
driven element, generally called the ‘‘antenna,”’ 
and reradiate it in the proper phase relation- 
ship to achieve the desired effect. They are 
called parasitic elements, as contrasted to 
driven elements which receive power directly 
from the transmitter through the transmission 
line. 

The parasitic element is called a director 
when it reinforces radiation on a 
line pointing to it from the an- 
tenna, and is called a reflector when 
the reverse is the case. Whether the parasitic 
element is a director or reflector depends upon 
the parasitic element tuning (which usually is 
adjusted by changing its length) and, partic- 
ularly when the element is self-resonant, upon 
the spacing between it and the antenna. 

Gain vs. spacing — The gain of an antenna- 
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Fig. 1045 — Gain vs. element spacing for an antenna 
and one parasitic element. Zero db. is the field strength 
from a half-wave antenna alone. Greatest gain is in the 
direction A at spacings less than 0.14 wavelength; in 
direction B at greater spacings. Front-to-back ratio is 
the difference in db. between curves A and B. Variation 
in radiation resistance of the driven element also is 
shown. These curves are for self-resonant parasitic ele- 
ment. At most spacings the gain as a reflector can be in- 
creased by slight lengthening of the parasitic element; as 
a director, by shortening. This likewise improves the 
front-to-back ratio. 
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reflector or antenna-director combination 
varies chiefly with the spacing between ele- 
ments. The way in which gain varies with 
spacing is shown in Fig.. 1045, for the special 
case of self-resonant parasitic elements. This 
chart also shows how the attenuation to the 
“rear”? varies with spacing. The same spacing 
does not necessarily give both maximum for- 
ward gain and maximum backward attenua- 
tion. Backward attenuation is desirable when 
the antenna is used for receiving, since it 
greatly reduces interference coming from the 
opposite direction to the desired signal. 

Element lengths — The antenna length is 
given by the formulas in § 10-2. The director 
and reflector lengths must be determined ex- 
perimentally for maximum performance. The 
preferable method is to aim the antenna at a 
receiver a mile or more distant and have an 
observer check the signal strength (on the 
““S” meter) while the reflector or director is 
adjusted a few inches at a time, until the length 
which gives maximum signal is found. The 
attenuation may be similarly checked, the 
length being adjusted for minimum signal. In 
general, the length of a director will be about 
4% less than that of the antenna, for best 
front-to-back ratio. The reflector will be about 
5% longer than the antenna. 

Simple systems—the rotary beam — 
Practical combinations of antenna, reflector 
and director are shown in Fig. 1046. Spacings 
for maximum gain or maximum front-to-back 
ratio (ratio of power radiated in the desired 
direction to power radiated in the opposite 
direction) may be taken from Fig. 1045. In the 
chart, the front-to-back ratio in db. will be the 
sum of gain and attenuation at the same 
spacing. 

Systems of this type are popular for rotary 
beam antennas, where the whole antenna 
is rotated to permit its gain and directivity to 
be utilized for any compass direction. They 
may be mounted either horizontally (plane 
containing the elements parallel to the earth) 
or vertically. 

Arrays using more than one parasitic ele- 
ment, such as those shown at C and D in Fig. 
1046, will give more gain and directivity than 
is indicated for the single reflector and director 
by the curves of Fig. 1045. The gain with a 
properly adjusted three-element array (an- 
tenna, director and reflector) will be 5 to 7 
db. over a half-wave antenna, while somewhat 
higher gain still can be secured by adding a 
second director to make a four-element array. 
The front-to-back ratio is correspondingly 
improved as the number of elements is in- 
creased. 

The elements in close-spaced (less than one- 
quarter wavelength element spacing) arrays 
preferably should be made of tubing of half- 
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Fig. 1046 — Half-wave antennas with parasitic ele- 
ments. A, with reflector; B, with director; C, with both 
director and reflector; D, two directors and one reflector. 
Gain is approximately as shown by Fig. 1045 in the first 
two cases and depends upon the spacing and length of 
the parasitic element. In the three- and four-element 
arrays a reflector spacing of 0.15 wavelength will give 
slightly more gain than 0.1-wavelength spacing. Arrows 
show direction of maximum radiation. The array should 
be mounted horizontally (these are top views). 


to one-inch diameter both to reduce the ohmic 
resistance (§ 10-2) and to secure mechanical 
rigidity. If the elements are free to move with 
respect to each other the array will show de- 
tuning effects in a wind. 

Feeding close-spaced arrays — While any 
of the usual methods of feed may be applied 
to the driven element of a parasitic array, the 
fact that with close spacing the radiation re- 
sistance as measured at the center of the driven 
element drops to a very low value makes ‘some 
systems more desirable than others. The pre- 
ferred methods are shown in Fig. 1047. Reso- 
nant feeders are not recommended for lengths 
greater than a half wavelength. 

The quarter- or half-wave matching stubs 
shown at A and B in Fig. 1047 preferably 
should be constructed of tubing with rather 
close spacing, in the manner of the ‘‘Q”’ sec- 
tion. This lowers the impedance of the match- 
ing section and makes the position of the 
line taps somewhat less difficult to determine 
accurately. This line adjustment should be 
made only with the parasitic elements in 
place, and after the correct element lengths 
have been determined should be checked to 
compensate for changes likely to occur because 
of element tuning. The procedure is the same 
as that described in § 10-8. 
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The concentric-line matching section at C 
will work with fair accuracy into a close-spaced 
parasitic array of 2, 38 or 4 elements without 
necessity for adjustment. The line is used as 
an impedance inverting transformer, and if its 
characteristic impedance is 70 ohms will give 
an exact match to a 600-ohm line when the 
resistance at the termination is about 8.5 ohms. 
Over a range of 5 to 15 ohms the mismatch, 
and therefore the standing-wave ratio, will be 
less than 2 to 1. The length of the quarter- 
wave section should be calculated from Equa- 
tion 7 (§ 10-5). 

The delta matching transformer shown at D 
is an’ excellent arrangement for parasitic ar- 
rays, and probably is easier to install, mechan- 
ically, than any of the others. The positions of 
the taps (dimension a) must be determined 
experimentally, along with the length b, by 
checking the standing-wave ratio on the line 
as adjustments are made. Dimension 6 should 
be about 15% longer than a. 





Shiding rods for 
bis stub adjustment 








Fig. 1047— Recommended methods of feeding the 
driven antenna element in close-spaced parasitic arrays. 
The parasitic elements are not shown. A, quarter-wave 
open stub; B, half-wave closed stub; C, concentric-line 
quarter-wave matching section; D, delta matching 
transformer. 
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Sharpness of resonance — Peak perform- 
ance of a multi-element directive array depends 
upon proper phasing or tuning of the elements, 
which in all but the simplest systems can be 
exact for one frequency only. However, there is 
some latitude, and most arrays will work well 
over a relatively narrow band such as 14 Me. 
If frequencies in all parts of the band are to be 
used, the antenna system should be designed 
for the mid-frequency; on the other hand, if 
only one frequency in the band will be used the 
greater portion of the time the antenna might 
be designed for that frequency and some degree 
of misadjustment tolerated on the occasionally- 
used spare frequencies. 

When reflectors or directors are used the tol- 
erance is usually less than in the case of driven 
elements, partly because the parasitic-element 
lengths are fixed and the operation may change 
appreciably as the frequency passes from one 
side of resonance to the other, and partly be- 
cause the close spacing ordinarily used results 
in a sharp-tuning system. With parasitic ele- 
ments operation should be confined to a small 
region about the frequency for which the 
antenna is adjusted, if peak performance is to 
be secured. 

Combination arrays — It is possible to 
combine parasitic elements with driven ele- 
ments to form arrays composed of collinear 
driven and parasitic elements and combination 
broadside-collinear-parasitic elements. Thus 
two or more collinear elements might be pro- 
vided with a collinear reflector or director set, 
one parasitic element to each driven element. 
Or both directors and reflectors might be used. 
A broadside-collinear array could be treated 
in the same fashion. 

When combination arrays are built up, a 
rough approximation of the gain to be ex- 
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
quarter-wave spacing for the parasitic ele- 
ments, would be estimated as follows: From 
Table III, the gain of four collinear elements is 
4.5 db. with half-wave spacing; from Fig. 1040 
or Table IV, the gain of two broadside elements 
at half-wave spacing is 4.0 db.; from Fig. 1045 
the gain of a parasitic reflector at quarter-wave 
spacing is 4.5 db.; the total gain is then the 
sum, or 138 db. for the sixteen elements. Note 
that using two sets of elements in broadside is 
equivalent to using two elements, so far as 
gain is concerned, similarly with sets of re- 
flectors as against one antenna and one re- 
flector. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distributed between the 
various elements, and upon the effect of 
mutual coupling between elements upon the 


radiation resistance of the array, and may be 
somewhat higher or lower than the estimate. 

A great many directive antenna combina- 
tions can be worked out by combining ele- 
ments according to these principles. 


@10-14 MISCELLANEOUS ANTENNA 
SYSTEMS 


Grounded antenna— The grounded an- 
tenna is used almost exclusively for 1.75-Mc. 
work, where the length required for a half- 
wave antenna would be excessive for most lo- 
cations. An antenna worked ‘‘against ground” 
need be only a quarter-wave long, approxi- 
mately, because the earth acts as an electrical 
“mirror” which supplies the missing quarter 
wave. The current at the ground connection 
with a quarter-wave antenna is maximum, just 
as it is at the center of a half-wave antenna. 

On 1.75 Me. the most useful radiation is 
from the vertical part of the antenna, since 
vertically-polarized waves are characteristic of 
ground-wave transmission. It is therefore de- 
sirable to make the down-lead as nearly verti- 
cal as possible, and also as high as possible. 
This gives low-angle sky-wave transmission 
which is most useful for long-distance work at 
night, in addition to a good ground wave for 
local work. The horizontal portion contributes 
to high-angle sky-wave transmission, which is 
useful for covering short distances on this band 
at night. 

Fig. 1048 shows a grounded antenna with 
the top folded to make the length equal to a 
quarter wave. The antenna coupling apparatus 
consists of the coil Z, tuned by the series con- 
denser C, with LZ inductively coupled to the 
transmitter tank circuit (§ 10-4, 10-6). 

For computation purposes, the overall length 
of a grounded system is given by 


236 
L (feet) = ———~ 
F (Me.) | 
This is the total length from the far end of the 


antenna to the ground connection. The length 
is not critical, since departures of the order of 


10% to 20% can be compensated by the tuning ~ 


apparatus. 

The ground should preferably be one with 
conductors buried deep enough to reach nat- 
ural moisture. In urban locations, good grounds 
can be made to water mains where they enter 
the house; the pipe should be scraped clean 
and a low-resistance connection made with a 
tightly-fastened ground clamp. If no water- 
pipes are available several pipes, six to eight 
feet long, may be driven into the ground at 
intervals of six or eight feet, all being con- 
nected together. The transmitter should be 
located so as to make the ground lead as short 
as possible. 

In locations where it is impossible to secure a 
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good ground connection because of sandy soil 
or other considerations, it is preferable to use 
a counterpoise or capacity ground instead of 
an actual ground connection. The counterpoise 
consists of a system of wires insulated from 
ground running horizontally above the earth 
beneath the antenna. The counterpoise should 
have a sufficient number of wires of sufficient 
length to cover well the area immediately un- 
der the antenna. The wires may be formed into 


any convenient shape, i.e., they may be spread 


Fig. 1048 — Typical grounded 
antenna for 1.75 Mce., consist- 
ing of a vertical section and 
horizontal section having a 
total length (including the 
ground lead if the latter is 
more than a few feet long) of 
one-quarter wavelength. Coil 
L should have about 20 turns 
of No. 12 on a three-inch di- 
ameter form, tapped every 
two or three turns for adjust- f; 
ment. C is 250 to 500 uufd. 
variable. The inductive cou- 
pling between L and the final 
tank coil should be variable. = 





M 


Firial Tank Cc 


out fan-shape, in a radial pattern, or three or 
more parallel wires separated a few feet run- 
ning beneath the antenna may be used. The 
counterpoise should be elevated six or seven 
feet above the ground so it will not interfere 
with persons walking under it. Connection is 
made between the usual ground terminal of 
the transmitter and each of the wires in the 
counterpoise. 

s°J”? antenna — This antenna, frequently 
used on ultra-high frequencies when vertical 
polarization is desired, is simply a half-wave 
radiator fed through a quarter-wave matching 
section, (§ 10-8), the whole being mounted 
vertically as shown in Fig. 1049. Adjustment 
and tuning are as described in § 10-8. The 
bottom of the matching section, being practi- 
cally at zero r.f. potential, can be grounded 
through a metallic conductor for lightning 
protection. 

Coaxial antenna — With the “‘J’’ antenna 
there is likely to be some radiation from the 
matching section and transmission line which 
tends to combine with the radiation from the 
antenna in such a way as to raise the angle of 
radiation. As this is undesirable on ultra-high 
frequencies where the lowest possible radiation 
angle is essential, the coaxial antenna shown 
in Fig. 1050 was developed to eliminate feeder 
radiation. The center conductor of a 70-ohm 
concentric transmission line is extended one 
quarter wave beyond the end of the line to act 
as the upper half of a half-wave antenna, the 
lower half being supplied by the quarter- 
wave sleeve, the upper end of which is con- 
nected to the outer conductor of the concen- 
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tric line. The sleeve acts as a shield about the 
transmission line and very little current is 
induced on the outside of the line by the an- 
tenna field. The line is non-resonant, since its 
characteristic impedance is the same as the 
center impedance of the half-wave antenna 


% Fig. 1049 — The “J” an- 
tenna. It is usually con- 
structed of metal tubing; 
frequently with the 34-wave 
vertical section shown an 
extension of a grounded 
metal mast. The stub may 
be adjusted by a sliding 
shorting bar. 


Trans. Ms 
Line il 
NS May be 
grounded here 


(§ 10-2). The sleeve may be made of copper or 
brass tubing of suitable diameter to clear the 
transmission line. The coaxial antenna is some- 
what difficult to construct, but is superior to 
simpler systems at low radiation angles. 
Folded dipole— An arrangement which 
combines the radiation characteristics of a 
half-wave antenna with the impedance-trans- 
forming properties of a quarter-wave line 


Metal 
™, Rod 
adel 
Hii —Gometed 
fo outer 
conductor 
of , lies Fig. 1050 — Coaxial an- 
tenna. The inner conductor 
My of the 70-obm line is con- 
nected to the quarter-wave 
Metal metal rod which forms the 
Sleeve upper half of the antenna. 
70-ohim 
concentric 
/ine 
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(§ 10-5) is shown in Fig. 1051. Essentially, it 
consists of a center-fed half-wave antenna with 
another half-wave element connected directly 
between its ends. The spacing between the 
two sections should be quite close — not more 
than a few per cent of the wavelength. As 
used at ultra-high frequencies, the spacing is 
of the order of an inch or two with elements 
constructed of metal tubing. 

The impedance at the terminals of the an- 
tenna is four times that of a half-wave antenna, 
or nearly 300 ohms, when the antenna con- 
ductors are all the same diameter. A 300-ohm 
line will therefore be non-resonant when the 
antenna is connected to its output end (§ 10-5), 
while the standing-wave ratio with a 600-ohm 
line will be only 2 to 1. 

The total length around the loop formed by 
the antenna may be calculated by Equation 
10 (§ 10-9) for a total length of one wavelength. 

Corner reflector antenna— A type of an- 
tenna system particularly well-suited to the 
u.h.f. ranges above 56 Mc., is the ‘‘corner”’ 
reflector shown in Fig. 1052. It consists of 
two plane surfaces set at an angle of 90°, with 
the antenna set on a line bisecting this angle. 


ee 


Transmssion 
/17€ 


Fig. 1051 — Folded dipole for increasing the value of 
impedance at the feed point. 


The distance of the antenna from the vertex 
should be 0.5 wavelength, but some com- 
promise designs can be built with closer spac- 
ings (see Table V). The plane surfaces do 
not need to be solid, and can most easily be 
made of spines spaced about 0.1 wavelength 
apart. The spines do not have to be connected 
together electrically. 

The resistance of the antenna is raised when 
a corner reflector is used. The transmission 
line should be run out at the rear of the reflec- 
tor to keep the system as symmetrical as 
possible and thus avoid any unbalance. Two 
simple antennas which can be used with the 
corner reflector are shown in Fig. 1053. 

The corner reflector can be used with the 
antenna either horizontal or vertical, and the 
plane of polarization will be the plane of the 
antenna. The relative positions of the an- 
tenna and reflector must remain the same, 
however, which means that a support for both 
horizontal and vertical polarization would 
require a means for rotating the reflector 
about its horizontal axis. 

Receiving antennas — Because of the high 
sensitivity of modern receivers a large antenna 


is not necessary for picking up signals at 
good strength. Often it will be found that an 
indoor wire only 15 or 20 feet long will give 
quite good results, although a longer wire out- 
doors is better. 


The use of a tuned antenna greatly improves . 


the operation of the receiver because the signal 
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Fig. 1052 — A corner reflector antenna system with 
grid-type reflector. The reflector elements are stiff wire 
or tubing. The dimensions are for 224 Mc., and should 
be doubled for 112 Mc. (See Table V.) The gain of the 
system is close to 10 db. 


strength is greater in proportion to the stray 
noises picked up by the antenna than is the 
case with the antenna of random length. 
Since the transmitting antenna is usually 
given the best location, it can be used to great 
advantage for receiving, especially when a 
directive antenna is used. A change-over 
switch or relay connected in the antenna leads 
can be used to transfer the connection from 
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TABLE V 


Number . Spacing 
Frequency | Length Length of of Spacing of 


=) | Reflector 
Band of Side Element: Reflector 


of Driven 
Reflector Dipole 


8) Pements | Zlements to Vertex 


224-230 Mc. 
(144 meter) 


112-116 Mc. 
(244 meter) 


112-116 Mc.*: 
(234 meter) 


56-60 Mc. 
(5 meter) 


56-60 Mc.* 
(5 meter) 


16’ 8” 


13’ 4” 10’ qr 6’ 11” 





Table V. — Dimensions of square-corner reflector for 
the 224-, 112-, and 56-Mc. bands. Alternative designs 
are listed for the 112- and 56-Mc. bands. These designs, 
marked (*), have fewer reflector elements and shorter 
sides, but the effectiveness is only slightly reduced. 
There is no reflector element at the vertex in any of the 
designs. 


the receiver to the transmitter while the trans- 
mitter is on the air. The directive effects and 
power gain of directive transmitting antennas 
are the same for receiving as for transmitting, 
and should be utilized for best reception. 





Two wire line 450 to 500 ff 
tuned at ohm line 
transmitter (Wo.12 wire, 
Spaced 2") 
s> 
A B 


F ig. 1053 — Dipoles suitable for use with the corner 
reflector antenna system. The length L is 25 inches for 
224 Mc., s = 1 inch for the same band. 
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@A ONE-TUBE REGENERATIVE 
RECEIVER 


Wer sIMPLEsT receiver capable of 
giving at all satisfactory results in everyday 
operation is one consisting of a regenerative 
detector followed by an audio amplifier. This 
type of receiver is sufficient for headphone 
reception, and is quite easy to build and ad- 
just. A dual tube may be used for both stages, 
thereby reducing cost. 

Figs. 1101 to 1105 show such a receiver, 
using a 6C8G twin-triode tube, one triode 
section being the regenerative detector and 
the other the audio amplifier. The circuit 
diagram is given in Fig. 1103. The grid coil, 
Ly, is tuned to the frequency of the incoming 
signal by means of condensers Ci and C3, Ci 
being the bandsetting or general coverage 
condenser and C3 the bandspread condenser. 
Regeneration is supplied by means of the 
tickler coil Ze; the variable plate by-pass con- 
denser, Co, is the regeneration control. The 
receiver is coupled to the antenna through 
Cs, a low-capacity trimmer condenser. R; and 
C, are the grid leak and grid condenser. 

The audio amplifier section of the tube is 
coupled to the detector by the audio trans- 
former 7}. Bias for the audio stage is supplied 
by a midget flashlight cell, this type of bias 
being quite convenient as well as cheaper than 
other methods. The choke, RFC, is necessary 
to prevent r.f. current from flowing in the 
primary winding of the audio transformer; 
without the choke the regeneration control 
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cond:nser C2 may be ineffective. A switch, 
Si, is provided for turning off the ‘‘B” supply 
when transmitting. 

This receiver is laid out so that it can be 
converted into the two-tube superhet de- 
scribed in the next section, using most of the 
same parts over again and utilizing the same 
chassis and panel. The superhet will give im- 
proved performance, but is a little more diffi- 
cult to build and adjust. By building the one- 
tube receiver first, the beginner will acquire 
experience in the operation of regenerative 





A, Fig. 1102 — A rear view of the 
one-tube regenerative receiver. The 
grid condenser and grid leak are 
supported by their wire leads be- 
tween the stator plates of the tuning 
condenser and the grip cap on the 
tube. 


<€« Fig. 1101— A one-tube regen- 
erative receiver, using a double triode 
as a regenerative detector and audio 
amplifier. 





Fig. 1103 — Circuit diagram of the one-tube regener- 
ative receiver. 


Ci, C2 — 100-uyfd. variable (Hammarlund SM-100). 

C3 — 15-pufd. variable (Hammarlund SM-15). 

Ce a 100-npfd. mica. 

Cs — 3-30-yufd. mica trimmer (National M-30). 

Ri — 1 megohm, % watt. 

Li, Le — See coil table. 

Ti — Audio transformer, interstage type, 3:1 ratio 
(Thordarson T13A34). 

S1 — S.p.s.t. toggle switch. 

RFC — 2.5-mh. r.f. choke. 


circuits which will be helpful in building and 
using the two-tube receiver. 

The construction of the receiver is shown in 
the photographs. The chassis measures 514 by 
914 by 1% inches. The three variable con- 
densers are mounted on the panel three inches 
from the bottom edge, with C3 in the center, 
Ci at the right and C2 at the left. The con- 
densers are 314 inches apart, center to center. 
The tube socket is directly behind C3, its 
center being 214 inches from the panel; the coil 
socket is 214 inches to the right. The audio 





BOTTOM OF SOCKET 
OR COIL FORM 


Fig. 1105 — Method of winding coils for 
the one-tube regenerative receiver. 


Fig. 1104 — Bottom of chassis view of the 
one-tube regenerative receiver. Construction 
and wiring are extremely simple. 
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transformer is mounted along the rear chassis 
edge as shown. All ground connections may be 
made directly to the chassis, making sure that 
the paint is scraped away and that good con- 
tact is secured. 

The wiring underneath the chassis is very 
simple. In the photograph, Fig. 1104, the 
antenna connection strip is at the left, with 
Cs supported by the wiring to the antenna post. 
The ground connection is soldered to a lug 
under the nut holding the connection strip 
in place. The choke RFC also is supported by 
the wiring. The bias battery (the zinc can is 
the negative terminal) is soldered to a lug 
strip as shown. The headphone connections 
are made by means of tip jacks mounted on 
the rear edge of the chassis. Filament and plate 
power are brought in through a four-wire cable 
which enters the chassis through the rear edge. 

The coils are made as shown in Fig. 1105 
and the coil table. Both windings should be in 
the same direction. Using the standard pin 
numbering for four prong sockets, pin 1 con- 
nects to ground, pin 2 to the plate of the 
detector, pin 3 to RFC and the stator plates of 
Ce, and pin 4 to the stator plates of Ci and C3. 
I, for the B, C and D coils should have its 
turns evenly spaced to occupy the specified 
length; the wire may be held in place when 
the coil is finished by running some Duco 
cement along the ridges of the coil forms. 
Be sure to clean any excess soldering flux 
from the coil pins after the wires are soldered 
in place; rosin flux in particular will form a 
thin insulating film over the pins and prevent 
contact when the coil form is inserted in the 
socket. 

The heater supply for the receiver may be 
either a 6.3-volt filament transformer (the 
l-ampere size will be ample) or a 6-volt bat- 
tery. A 45-volt ‘‘B” battery should be used 
for the plate supply. The ‘‘B” current drain is 
only a few milliamperes, and a medium- or 
small-size ‘‘B” battery will give excellent 
service. 
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COIL DATA 
Coil Grid Winding (11) Tickler (L2) 
A 56 turns No. 22 enamelled | 15 turns No. 24 enamelled 
B 32 “cc “ee ee ee 8 ce “e sé “ee 
Cc 18 ee “ce ce oe 5 ce ee ee ee 
D 10 oe ae ee ee 5 ce ee ee ee 


Allcoils wound on 114-inch diameter forms (Hammarlund SWF-4). 
Grid windings on coils B, C and D spaced to occupy a length of 114 
inches; grid winding on coil A close-wound. Tickler coils all close- 
wound, spaced ¥g inch from bottom of grid winding. See Fig. 1105 


Frequency range: Coil A — 1700 to 3200 kc. 
B — 3000 to 5700 ke. 
C — 5400 to 10,000 kc. 
D — 9500 to 18,000 ke. 





After the set is completed and the wiring 
checked to make sure that it is exactly as 
shown, insert the C coil (selected because signals 
can usually be heard in this range at any time 
of the day or night) in the coil socket and 
connect the headphones, antenna and ground, 
and the heater supply. After the heater supply 
has been connected for a few minutes, the 
tube should feel warm to the touch and there 
should be a visible glow from the heater. The 
“B” battery can now be connected and the 
switch, S1, closed. 

Now turn the regeneration condenser, C2, 
starting from minimum capacity (plates all 
out) until the set goes into oscillation. This 
phenomenon is easily recognizable by a dis- 
tinct click, thud or hissing sound. The point 
where oscillation just begins is the most 
sensitive operating point at that particular 
dial setting. 

The tuning dial may now be slowly turned, 
the regeneration control knob being varied 
simultaneously (if necessary) to keep the set 
just oscillating. A number of stations will prob- 
ably be heard. A little practice will make tun- 
ing easy. 

If the set refuses to oscillate, the sensitivity 
will be poor and no code signals will be heard on 
the frequencies at which such signals should be 
expected. It should oscillate easily, however, 
if the coils are made exactly as shown. It some- 
times happens that the antenna takes so much 
energy from the set that it cannot oscillate, 
this usually resulting in ‘‘holes” in the range 
where no signals can be picked up (and where 
the hissing sound cannot be obtained). This can 
be cured by reducing the capacity of Cs (un- 
screwing the adjusting screw) until the detector 
again oscillates. If it still refuses to oscillate, 
the coil Zz must be moved nearer to Ly or, in 
extreme cases; a turn or two must be added to 
In. This is best done by rewinding with more 
turns rather than by trying to add a turn or 
two to the already-wound coil. For any given 
band of frequencies, adjust Cs so that the 
detector oscillates over the whole range, using 
as much capacity at C's as is possible. This will 
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give the best compromise between dead spots 
and signal strength. It will be found that less 
advancing of the regeneration control, C2, is 
required at the high-frequency end of a coil 
range (C, at or near minimum capacity) than 
at the low-frequency end. The best adjust- 
ment of the antenna condenser, C's, and the 
feedback coil, Le, is that which requires almost 
a maximum setting of the regeneration control 
at the low-frequency end (maximum capacity 
of C1) of any coil range. 

Coil A misses the high-frequency end of the 
broadcast band, but it is possible to hear 
police stations and the 160-meter amateur 
band with it, as well as other services. The 
amateur band is most easily located by listen- 
ing at night (when there is the most activ- 
ity), setting C3 at maximum and-slowly tuning 
with C; until some of the police stations are 
heard. These stations operate on 1712 kc., so 
that once found they become ‘‘markers’’ for 
the low-frequency end of the band. Further 
tuning then should be done with the main 
tuning dial, and many amateur stations should 
be heard. 

Locating the amateur bands on the other 
coils is done in much the same manner, by ' 
searching carefully with. Cy. The 3.5-4.0-Mc. 
amateur band will be found on coil B at about 
80% setting of C1; it will be easiest to locate 
this band by setting C3 at minimum capacity 
(plates unmeshed) and adjusting Ci until 
amateur ’phone stations are heard. Again this 
is best done at night, when the activity is 
heaviest on this band. On coil C, the 7-Mc. 
amateur band will be found with C, meshed 
about 60%; the 14-Mc. band (coil D) is found 
with C, meshed about 20%. 

A suitable antenna for the receiver would be 
50 to 75 feet long, and as high and clear of sur- 
rounding objects as possible. The ground lead 
should preferably be short; a ground to a heat- 
ing radiator or water piping is usually good. 


@A TWO-TUBE SUPERHET RECEIVER 


Although all the advantages of the superhet- 
erodyne type receiver cannot be secured with- 
out going to rather elaborate multi-tube cir- 
cuits, it is possible to use the superhet principle 
to overcome most of the disadvantages of the 
simple regenerative receiver. These are chiefly 
the necessity for critical adjustment of the 
regeneration control with tuning, antenna 
‘‘dead spots,” lack of stability (both in the 
detector circuit itself and because of slight 
changes in frequency when the antenna swings 
with the wind), and blocking, or the tendency 
for strong signals to pull the detector into zero 
beat. These effects can be largely eliminated 
by making the regenerative detector operate 
on a fixed low frequency and designing it for 
maximum stability. The incoming signal is 


Fig. 1106 — This two-tube 
superhet has one more con- 
trol than the ordinary regen- 
erative receiver, but is more 
stable and easier to tune. 
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Fig. 1107—A __back-of- 
panel view of the two-tube 
superhet, showing the ar- 
rangement of parts on top of 
the 514- by 914- by 14-inch 


chassis. 


Fig. 1108 — Circuit diagram of the two-tube superhet. 


Ci, Ce, Cs — 100-uyfd. variable (Hammarlund SM-100). 

C4 — 15-yyfd. variable (Hammarlund SM-15). 

Cs — 250-uufd. silvered mica (Dubilier Type 5-R). 

Ce — 0.01-ufd. paper. Ri — 50,000 ohms, 14 watt. 

C7 —- 0.005-nfd. mica. Re — 1 megohm, 4 watt. 

Cg, Co — 100-nufd. mica. RFC — 2.5-mh. r.f. choke. 

Ti — Audio ‘transformer, interstage type, 3:1 ratio 
(Thordarson T13A34). 


Ti-La, inc. — See coil table. 


Ls — 55 turns No. 30 d.s.c., close-wound on 34-inch 
diameter form (National PRF-2); inductance 


40 microhenrys. 


Le — 18 turns No. 30 d.s.c., close-wound, on same form 


as Ls; see Fig. 2. 
S — S.p.s.t. toggle switch. 
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then converted to the fixed detector 
frequency before being detected. 

A two-tube receiver operating on 
this principle is shown in Figs. 1106 
to 1110. It employs the same chassis 
and panel, as well as most of the 
parts, of the one-tube regenerative re- 
ceiver just described, with the addi- 
tion of a converter tube and its asso- 
ciated circuits. The same coils may 
also be used, with a new winding and 
rearrangement of the pin connections 
for Le; the windings and connections 
for Ly need not be changed. One 
additional coil is needed to cover a 
frequency range of 1700 to 14,500 ke. 
including the four lower-frequency 
amateur bands. 

The circuit diagram is given in Fig. 
1108. A 6K8 is used to convert the 
frequency of the incoming signal to 
the fixed or intermediate frequency, 
and the two triode sections of a 6C8G 
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Fig. 1109 — Below-chassis view of the two-tube superhet. The i.f. circuit is 
underneath the chassis; no adjustment of its frequency is necessary. Since few 


parts are used, the remaining wiring is quite simple. 


serve as the regenerative detector and audio 
amplifier respectively. Z1C is the r.f. circuit, 
tuned to the signal, and Ze is the antenna 
coupling coil. C7 is a by-pass condenser across 
the 1.5-volt battery used to bias the signal 
grid of the 6K8. The high-frequency oscillator 
tank circuit is L3C3C4, with C3 for band-setting 
and C4 for band-spread. 

The if. tuned circuit (or regenerative de- 
tector circuit) is ZsCs. This must be a high-C 
circuit if stability better than that of an 
ordinary regenerative detector is to be se- 
cured. The frequency to which it is tuned 
should be in the vicinity of 1600 kc.; the exact 
frequency does not matter so long as it falls on 
the low-frequency side of the 1750-ke. band. 
Ls and its tickler coil Lg are wound on a small 
form, and Zz is tuned by a fixed mica condenser 
of the low-drift type. Since these condensers are 
furnished within a capacity tolerance of 5%, it 
is sufficient to wind Ls as specified under Fig. 
1108 and the resulting resonant frequency will 
be in the correct region. No manual tuning is 
necessary and therefore the frequency of this 
circuit need not be adjusted. Ce is the regenera- 
tion control condenser, isolated from the d.c. 
supply by means of the choke RFC. Only 
enough turns need be used on Lg to make the 
detector oscillate readily when C2 is at half 
capacity or more. 

The second section of the 6C8G is trans- 
former-coupled to the detector. The grid is 
biased by the same battery which furnishes 
bias for the 6K8. 

Looking at the top of the chassis, from in 
front, the r.f. or input circuit is at the left, 
with C, on the panel and Z;-Le just behind it. 
The 6C8G is directly to the rear of the coil. 
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The 6K8 converter tube is 
centered on the chassis, with 
C3 and C4, on the panel di- 
rectly in front of it. C4 is 
driven by the vernier dial 
and C3 is toward the top of 
the panel. The coil at the 
right is L3-L4, in the oscil- 
lator tuned circuit. The re- 
generation-control conden- 
ser, Co, is at the right on 
the panel. The audio trans- 
former, 71, is behind the 
oscillator coil. 

Looking at the bottom of 
the chassis, the antenna- 
ground terminals are at the 
left, with a lead going di- 
rectly to Ze on the coil 
socket. The bias battery is 
fastened to a two-lug in- 
sulating strip by means of 
wires soldered to the bat- 
tery. The zinc can is the 
negative end and the small cap the positive 
terminal. By-pass condenser C7 is mounted on 
the coil socket. 

The i.f. coil is mounted on the chassis mid- 
way between the socket for the 6C8G and that 
for the 6K8. In winding the coil the ends of the 
wires are left long enough to reach to the vari- 
ous tie-in points. The grid condenser, C4, is 
supported by the grid terminal on the tube 
socket and the end of the grid winding, Ls. Re 
is mounted over the 6C8G socket. The if. 
condenser, Cs, is mounted by its terminals 
between the plate and screen prongs on the 
6K8 socket, the ends of Ls being brought to 
the same two points. 





1.F COIL 





R.F.& OSCILLATOR COILS 


Fig. 1110 — How the coils for the two-tube super are 
wound. The bottom end of the i-f. coil in this drawing is 
the end mounted to the chassis. Ls and Le are wound in 
the same direction. 

Both windings are in the same direction on each r.f. 
and oscillator coil. On the r.f. socket, pin 4 connects to 
the No. 3 grid (top cap) of the 6K8 and stator of Ci, 
pin ] to Cz, pin 2 to ground and pin 3 to the antenna 
post. On the oscillator socket, pin 4 goes to Cg and the 
stators of C3 and Ca, pin 1 to ground, pin 2 to “B” plus, 
and pin 3 to the 6K8 oscillator section plate, 


TW0O-TUBE SUPERHET COIL DATA 
Coil Grid Winding (Liand L3) Antenna (L») or Tickler (L1) 











A 56 turns No. 22 enamelled 10 turns No. 24 enamelled 
B 32 ce “ce ce “ 8 “e “ “ce “ec 
C 18 ce “é ce “e 7 ce “ee ee se 
D 12 ee ce “é “ee 7 ee “oe ee “ee 
E 10 ee ce “se ‘ 8 “e oe “ ee 


All coils wound on 11/2-inch diameter forms (Hammarlund SWF-4). 
Grid windings on coils B-E, inc., spaced to occupy a length of 114 
inches; grid winding on coil A close-wound. Antenna-tickler coils 
all close-wound, spaced +/g inch from bottom of grid winding. See 
Fig. 1110. 


Frequency Range Coil at Li-L2 Coil at L3-L4 
1700 to 3200 ke. A B 
3000 to 5700 ke. B Cc 
5400 to 10,000 ke. Cc D 
9500 to 14,500 ke. E D 





The oscillator grid condenser, C's, is con- 
nected between the coil socket prong and the 
oscillator grid prong on the 6K8 socket. By- 
pass condenser C's is mounted alongside the 
oscillator coil socket as shown. The connec- 
tions to the rotors of the tuning condensers for 
both coils go through holes in the chassis near 
the front edge. Grounds are made directly to 
the chassis in all cases; make sure that there is 
an actual connection to the metal. 

The ‘‘B”’ switch is a single-pole single-throw 
toggle. ’Phone tip jacks on the rear chassis 
edge provide means for connection to the 
headset. 

The method of winding coils is indicated in 
Fig. 1110; if the connections to the circuit are 
made as shown there will be no trouble in ob- 
taining the necessary oscillation. Both coils on 
each form should be wound in the same direc- 
tion. 

To test the receiver, first try out the i-f. 
circuit. Connect the filament and “‘B” supply 
and place both tubes in their sockets. Put a 
high-frequency coil in the r.f. socket, but do 
not insert a coil in the oscillator socket. The 
only test which need be made is to see if the 
detector oscillates properly. Advance C2 from 
minimum capacity until the detector goes into 
oscillation, which will be indicated by a soft 
hiss. This should occur at around half scale 
on the condenser. If it does not occur, check 
the coil (Zs-L¢) connections and winding direc- 
tion, and if these seem right, add a few turns to 
the tickler, Ls. If the detector oscillates with 
very low capacity at C2, it will be advisable to 
take a few turns off Lg until oscillation starts 
at about midscale. 

After the if. has been checked, plug in an 
oscillator coil for a range on which signals are 
likely to be heard at the time. The 5400- 
10,000-ke. range is usually a good one. The 
coils are arranged so that a minimum number 
is needed, even though two are used at a time. 
With coil C in the r.f. socket and D in the os- 
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cillator circuit, set Cy at about half scale and 
turn C3 slowly around midscale until a signal 
is heard. Then tune C; for maximum volume. 
Should no signals be heard, the probability 
is that the oscillator section of the 6K8 is 
not working, in which case the same method 
of testing is used as described above for the i-f. 
detector — check wiring, direction of wind- 
ings of coils, and finally, add turns to the 
tickler, La, if necessary. 

The same oscillator coil, D, is used for two 
frequency ranges. This is possible because the 
oscillator frequency is placed on the low- 
frequency side of the signal on the higher 
range. This gives somewhat greater stability 
at the highest-frequency range. Some pulling 
—a change in beat-note as the r.f. tuning is 
varied by means of C — will be observed on 
the highest-frequency range, but it is not 
serious in the region of resonance with the 
incoming signal frequency. 

The receiver will respond to signals either 
1600 ke. lower or 1600 ke. higher than the os- 
cillator frequency. The unwanted response, or 
image, is discriminated against by the tuning 
of the r.f. circuit. On the three lower-frequency 
ranges, when it is possible to find two tuning 
spots on C, at which incoming random noise 
peaks up, the lower-frequency peak (the one 
requiring the highest tuning capacity at C3) is 
the right one. The oscillator frequency is 1600 
ke. higher than that of the incoming signal on 
these three ranges. On the fourth range the 
oscillator is tuned 1600 ke. lower. Band-spread 
is not needed in ther.f. circuit, since the tuning 
is not very critical. 

The regeneration control may be set to give 
desired sensitivity and left alone while tuning; 
only when an exceptionally strong signal is 
encountered is it necessary to advance it 
more to keep the detector in oscillation for 
code reception. It should be set just on the. 
edge of oscillation for ’phone reception. 

The heater requirements of the set are 0.6 
amp. at 6.3 volts, approximately. Either a.c. or 
d.c. may be used. The “‘B” battery current is 
between 4 and 5 milliamperes, so that a stand- 
ard 45-volt block will last many hundreds of 
hours. (Bib. 1). 


eA THREE-TURE GENERAL COVER- 
AGE AND BAND-SPREAD SUPERHET 


A superhet receiver of simple construction, 
having a wide frequency range for general 
listening-in as well as full band-spread for 
‘amateur-band reception, is shown in Figs. 
1111 to 1115. The circuit uses only three tubes, 
and gives continuous frequency coverage from 
about 75 ke. (4000 meters) to 60 Me. (5 
meters). Provision is made for spreading each 
of the amateur bands over most of the tuning 
dial. The receiver is intended for operation 
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Fig. 1111 — The three-tube superhet, designed for either a.c. or d.c. 
heater operation and 90-volt “B” battery plate supply. 


from either a 6.3-volt transformer or 6-volt 
storage battery for filament supply, and a 90- 
volt ‘“‘B” battery for plate supply. It can 
therefore be used either as an inexpensive sta- 
tion receiver or for portable work when a car 
battery is available. 

The circuit diagram is given in Fig. 1112. A 
6K8 is used as a combined oscillator-mixer, 


6SK7 


L2 


“1 


6.3v. 


Fig. 1112 — The three-tube superhet wiring diagram. 


Ci — 100-yyfd. variable (Hammarlund MC-100-M). 
Cz — 140-pypfd. variable (Hammarlund MC-140-M). 
C3 — 35-yufd. variable (Hammarlund HF-35). 

C4 — Oscillator padder; see coil table. 

Cs — 0.1-ufd. paper. 
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followed by a 6SK7 i.f. ampli- 
fier. The intermediate fre- 
quency is 1600 kce., a frequency 
which reduces image response 
on the higher frequencies and 
simplifies the design for low- 
frequency operation in the re- 
gion below the broadcast band. 
One section of the 6C8G double 
triode is used as a second de- 
tector and the other section 
as a beat-frequency oscillator. 
Headphone output is taken 
from the plate circuit of the 
second detector. 

Tosimplify construction, the 
antenna and oscillator circuits 
are separately tuned. The an- 
tenna tuning control, Ci, may 
be used as a volume control by 
detuning from resonance. The 
oscillator circuit, L3CeC3, is 
tuned 1600 ke. higher than the 
signal on frequencies up to 5 
Mc.; above 5 Me. the oscillator 
is 1600 ke. lower than the sig- 
nal, Co is the general cover- 
age or band-setting condenser, C3 the band- 
spread or tuning condenser. C4 is a tracking 
condenser which sets the oscillator tuning range 
on each band so that it coincides with the 
tuning range in the mixer grid circuit. 

The i.f. stage uses permeability-tuned trans- 
formers with silvered-mica fixed padding con- 
densers. The second detector is cathode- 






Coe — 0.002-ufd. mica. 

C7 — 250-uyfd. mica. 

Cs — 0.002-ufd. mica. 

Co, Cio — 0.01-yzfd. paper. 

Cu — 5-ufd. electrolytic, 50 volts. 

Ciz, Cig — 0.002-pfd. mica. 

Ri — 50,000 ohms, % watt. 

Re, Rs — 250 ohms, 4 watt. 

Ra — 12,000 ohms, 1% watt. 

Rs — 50,000 ohms, 14 watt. 

Ti, Tz — 1600-ke. permeability-tuned if. transformer, 
interstage type (Millen 64161), 

Ts — 1600-ke. beat oscillator transformer (Millen 
65163). 

Ii, Le, Lg, La — See coil table. 

Si, Se — S.p.s.t. toggle switch. 

RFC — 2.5-mh. r.f. choke. 








biased by Ra, with Cy a by-pass 
for audio frequencies. 

The second 6C8G section is the 
beat oscillator, using a permeabil- 
ity-tuned transformer. The grid 
condenser and leak are built into 
the transformer. The plate is fed 
through the b.o. on-off switch and 
a dropping resistor, Rs, the latter 
serving both to reduce the ‘‘B” 
current drain and to cut down the 
output of the oscillator to a value 
suitable for good heterodyning. No 
special coupling is needed between 
the beat oscillator and the second 
detector; there is enough stray 
coupling between the two sections 
of the tube to introduce the beat 
frequency into the detector circuit. 

The plates and screens of all 
tubes except the beat oscillator are operated 
at the same voltage — 90 volts. The ‘‘B” cur- 
rent drain is approximately 15 milliamperes, 
which is about the normal drain for medium- 
size ‘‘B”’ batteries. The receiver will operate sat- 
isfactorily, but with somewhat reduced volume, 
with a single 45-volt battery for ‘“B” supply. 

The parts arrangement is shown in the pho- 
tographs of Figs. 1113 and 1114. The chassis is 
5% by 9% by 1% inches. The metal panel 
is 1014 inches wide and 6 inches high. The 
mixer tuning condenser, C1, is at the right, 
band-spread tuning condenser C3 in the center, 
controlled by the National Type A 34-inch 
dial, and the band-set condenser, C2, at the 
left. The on-off switches for the ‘‘B”’ supply 
and the beat oscillator are mounted on the 
front edge of the chassis as shown. 

Referring to the top view, Fig. 1113, the i.f. 
section is along the rear edge, with 7, at the 
right. Next is the socket for the 6SK7, then T> 
and finally 73 at the extreme left. The socket 
for the 6C8G is just in front of 73. The triode 
section with the grid brought out to the top 
cap is used for the beat oscillator. 


R. eceiver CGicthiichton 


<€« Fig. 1113—A plan view of the three- 
tube superhet with the coils and tubes re- 
moved. 


Fig. 1114— Below the chassis of the 
three-tube receiver. The r.f. choke is mounted 
near the oscillator coil socket to keep the r.f. 
leads short. In the i.f. stage, care should be 
taken to keep the plate and grid leads from 
the i.f. transformer short and well separated. 
A four-wire cable is used for power supply 
connections. The ’phone tip jacks are in the 
upper right corner. 





The r.f. section has been arranged for short 
leads to favor high-frequency operation. The 
three sockets grouped closely together in the 
center are, from left to right, the oscillator coil 
socket, socket for the 6K8, and the mixer coil 
socket. All are mounted above the chassis by 
means of mounting pillars, so that practically 
all r.f. leads are above deck. The oscillator grid 
leak, Ai, and the high-frequency cathode 
by-pass condenser, Cs, should be mounted 
directly on the socket before it is installed. So 
also should the oscillator grid condenser, C7, 
which can be seen extending to the left toward 
the oscillator coil socket in Fig. 1118. Power 
supply connections should be soldered to the 
6K8 socket prongs before the socket is 
mounted, and these leads brought down 


_ through a hole in the chassis. 


C; and Ce are mounted directly on the 
chassis. C3 is held from the panel by means of 
a small bracket made from metal strip, bent so 
that the condenser shaft lines up with the dial 


‘coupling. A shield made of aluminum separates 


the oscillator and mixer sections; this shield 
is essential to prevent coupling between the 
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LOW-FREQUENCY MIXER COILS 


two circuits which might otherwise cause inter- 
action and poor performance. 

The first step in putting the receiver into 
operation is to align the i.f. amplifier. This 
should preferably be done with the aid of a test 
oscillator, but if one is not available the circuits 
may be aligned on hiss or noise. The beat oscil- 
lator can also be used to furnish a signal for 








Fig. 1115 — How the coils for the three-tube superhet 
are constructed. On the hand-wound coils, all windings 
are in the same direction. 


alignment. Further information on alignment 
may be found in Chapter 7. 

The coils are wound as shown in Fig. 1115. 
A complete set of specifications is given in the 
coil table. Ordinary windings are used for 
all oscillator coils, and for all mixer coils for 
frequencies above 1600 ke. Below 1600 kc., 
readily-available r.f. chokes are used for the 
tuned circuits. For the broadcast band and 
the 600-750-meter ship-to-shore channels, the 
mixer coil is a Hammarlund 2.5-mh. r.f. choke, 
with the pies tapped as shown in Fig. 1115. 
The grid end and the intermediate tap are con- 
nected to machine screws mounted near the top 
of the coil form, and a flexible lead is brought 
out from the grid pin in the coil form to be fast- 
ened to either lead as desired. Mixer coils for 
the two lowest-frequency ranges are con- 
structed as shown. The antenna winding in © 
each case is a coil taken from an old 465-ke. if. 
transformer, having an inductance of about 1 
millihenry. The inductance is not particularly 
critical, and a pie from a 2.5-mh. choke may be 
used instead. 

With thei.f. aligned, the mixer grid and oscil- 
lator coils for a band can be plugged in. C3 
should be set near minimum and C2 tuned from 
minimum until a signal is heard. Then Cy, is 
adjusted for maximum signal strength. If C2 
is set at the high-frequency end of an amateur 
band, further tuning should be done with C3, 
and the band should be found to cover about 
75 per cent of the dial. C3 can of course be used 
for band-spread tuning outside the amateur 
bands. It is convenient to calibrate the re- 





COIL DATA FOR THE THREE-TUBE SUPERHET 


] Turns 
} Range C4 
| Ii Ls Tap 
\ A GO-164 Reis scnansnuin sansa, os hoea sewers 30 mh. 
TOB=360) KOs aces gceanssoinca eave eevee aie eis te lavareeianetene eee 8 mh. Top 300 pyfd. 
AOOS1500 Ose. siestias 2 sues +-oreiarg, aieroud a 1ateteld shove oatarere 2.5 mh.* 
B= 116 'to:3.2 Moi. (W606. i.< Sicsic wre mieg ie sieedion assis ea 56 Top 75 upfd. 
C=13,00 HOB MiG? (80) cine Ssocccarcre eave ccaracearsva.eaelorons 32 Top 100 ppfd. 
D:-—5:4 to 10:0: Mies (40) js cdicie steca-saun Sa wiase: sg ajaree Gives 18 12 0.002 yufd. 
Fi = 9:5 Go 18. MG. (20) 5 .o ais. ea ane svsvaie sisteoree anedivapicyeres 10 6 400 upfd. 
F— 15.0'to: 80 Me, (lO) é oi sasck cians se cisies eae 03 6 2% 400 upfd. 
G— 20 to:'6O Mes (5) inctdsitew sin auitaed aeo'w omrerate Sarena 3 1 300 wyfd. 











tt * See Fig. 1115 and text for details. C4 is mounted inside oscillator coil form; see Fig. 1115. Band-spread taps on Lg meas- 
ured from bottom (plus-B end) ‘of coil. L3-A and L1-B coils close-wound with No. 22 enamelled wire; L3-B close-wound 

\ with No. 20 enamelled; all other grid coils (Li and Lg) wound with No. 18 enamelled, spaced to give a length of 114 inches 
! on a 14-inch diameter form (Hammarlund SWF) except the G coils, which are spaced to a length of 1 inch on 1-inch 
diameter forms (Millen 45004 and 45005). Antenna and plate coils, La and La, are close-wound with No. 24 enamelled, 


spaced about one-eighth inch from bottoms of grid coils, except for La-G, which is interwound with Ls. 
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ceiver, using homemade paper scales 
for the purpose as shown in Fig. 1111. 
Calibration points may be taken from 
incoming signals of known frequency, 
from a calibrated test oscillator, or 
from harmonics of a 100-ke. oscilla- 
tor as described in Chapter 18. The 
mixer calibrations need only be ap- 
proximate, since tuning of the mixer 
circuit has little effect on the oscilla- 
tor frequency. It is sufficient to make 
a calibration which ensures that. the 
mixer is tuned to the desired signal 
rather than the image. 

On the broadcast band, the tuning 
range is such that with C2 set at 1500 
ke. the entire band will be covered on 
C3. It is necessary, however, to change 
the tap on the mixer coil to make the 
antenna circuit cover the entire band. 
Only one oscillator coil is needed for 
the complete range from 75 to 1500 
ke., but a series of coils is needed 
to cover the same range in the mixer circuit. 

Adding an audio stage to the three-tube 
superhet — Very frequently the builder of a 
small receiver wishes it to operate a loud 
speaker. The three-tube receiver just described 
is designed for headphone operation, but 
readily can be converted to a four-tube set for 
use with a speaker. For this purpose a 6F6 
pentode can be added to the circuit diagram 
as shown in Fig. 1117. There is ample chassis 
space for installation of the additional tube. 
Figs. 1116 and 1118 show how the receiver 
looks when completed. 

For the purpose of driving the audio stage, 
resistance coupling is used from the plate of the 
second detector to the grid of the 6F6. A vol- 
ume control is used for the grid resistor of the 
6F6, and a jack installed in the second detector 


plate circuit so that a headphone plug may be 


inserted. The volume control, 27, should be the 
midget type so that it will fit in the chassis, 
and is installed with its control projecting 
under the tuning dial. In the bottom view, 
Fig. 1118, the 6F6 socket is in the upper left 
corner, along with the cathode resistor and 
by-pass condenser, Rg and Cys. The coupling 


Fig. 1117 — Pentode audio am- 
plifier for the three-tube superhet. 
Except as noted below, compo- 
nents correspond to those bearing 
similar numbers in-Fig. 1112. 

Cu — 0.1-ufd. paper. 

Cis —25-pfd. electrolytic, 50 volt. 
Re — 120,000 ohms, 14 watt. 
R7—500,000-ohm volume control. 
Rs — 400 ohms, 1 watt. 

J — Closed-circuit jack. 
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Fig. 1116 — The audio amplifier tube installed on the chassis of 
the three-tube receiver. 


condenser, C14, and plate resistor, Re, are 
mounted on an insulated lug strip near the 
volume control. 

The 6F6 will require a plate supply of 250 
volts at about 40 milliamperes. This may be 
taken from a regular power pack, and a five- 
wire connection cable is used to provide an 
extra lead for the purpose. The first three tubes 
may be operated from a ‘‘B” battery as be- 
fore. Alternatively, the power supply may be 
constructed with a tap giving 90 or 100 volts 
for these tubes, the tap being connected to 
the proper wire in the connection cable. For 
best performance, the output voltage of such 
a tap should be regulated by a VR-105-30 
regulator tube. A suitable power supply circuit 
is shown in Fig. 1119. 

The primary winding of the speaker output 
transformer always should be connected in 
the plate circuit of the 6F6 when the tube is 
being fed ‘‘B” voltage. Operating without the 
plate circuit closed is likely to damage the 
screen. Any speaker having a transformer with 
primary impedance of 7000 ohms will be satis- 
factory; a permanent-magnet dynamic is con- 
venient since no field supply is necessary. 
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For the portable work the 6F6 may be re- 
moved from the receiver and the three tubes 
used on batteries as previously described. 


@A REGENERATIVE SINGLE-SIGNAL 
RECEIVER 


An inexpensive amateur-band receiver using 
if. regeneration for single-signal reception, is 
shown in Fig. 1120. Fig. 1121 gives the circuit 
diagram. Regeneration also is used in the mixer 
circuit to improve the signal-to-image ratio 
and to give added gain. This receiver is de- 
signed to give the maximum of performance, 
in the hands of a capable operator, at minimum 
cost, selectivity, stability and sensitivity being 
primary considerations. 

The mixer, a 6SA7, is coupled to the antenna 
and is separately excited by a 6J5 oscillator. 
There is a single 460-ke. if. stage, using a 
6SK7 and permeability-tuned transformers. 
The second detector and first audio amplifier 
is a 6SQ7 and the audio output tube for loud- 
speaker operation is a 6F6. The separate beat 
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<€« Fig. 1118 — Additional parts for the 
audio output stage can readily be identified 
in this sub-chassis view of the receiver. 


Fig. 1119 — Power supply circuit for the 
three-tube superhet. 


Ci — 8-yfd. electrolytic, 450 volts. 

Ce — 16-xzfd. electrolytic, 450 volts. 

Ri — 5000 ohms, 10 watts. 

Li — 10 henrys, 65 ma. 

Ti — 275 to 300 volts each side center tap, 
60-70 ma.; 6.3 volts at 1 amp. or 
more; 5-volt 2-amp. rectifier wind- 
ing. 

Si — S.p.s.t. toggle switch. 

Dual-unit electrolytic condenser may be 
used. Output voltage will be approximately 

250 at full receiver load. 






Ss} 


SV, A.C. 





+105 +250 
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oscillator circuit uses a 6C5. A VR-105 voltage 
regulator tube is used to stabilize the plate 
voltage on the oscillators and the screen volt- 
age on the mixer and i.f. tubes. 

To make construction easy and to avoid the 
necessity for additional trimmer condensers 
on each coil, the mixer and high-frequency os- 
cillator circuits are separately tuned. Main 
tuning is by the oscillator band-spread con- 
denser, C3, which is operated by the cali- 
brated dial. Ce is the oscillator band-setting 
condenser. The mixer circuit is tuned by C14, 
and regeneration in this circuit is controlled 


Fig. 1120—A ‘7-tube superhet using 
regeneration to give single-signal reception 
and improve image ratio. The dial (National 
ACN) may be directly calibrated, for each 
amateur band. 


Fig. 1122 — Top view of the 7-tube super- 
het without coils in place. Placement of 
parts is discussed in the text. 


by Ris, connected across the mixer 
tickler coil, L3. 

Ri¢ is the i.f. amplifier gain control, 
which also serves as an i.f. regenera- 
tion control when this stage is made 
regenerative. Ci; is the regeneration 
condenser; it is adjusted to feed back 
asmall amount of i.f. energy from the 
plate to the grid of the 6SK7 and thus 
produce regeneration. If the high selec- 
tivity afforded by i.f. regeneration is 
not wanted, Cis may be omitted. 

Diode rectification is used in the 
second detector circuit. One of the 
two diode plates in the 6SQ7 is used 
for developing a.v.c. voltage, being 
coupled through C22 to the detector diode. 
The detector load resistor consists of. Rs and 
R7 in series, the tap being used for r.f. filtering 
of the audio output to the triode section of the 
tube. Rig is the a.v.c. load resistor; Rg, C14 and 
Cy2 constitute the a.v.c. filter circuit. Se cuts 
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the a.v.c. out of circuit by grounding the recti- 
fier output. The headphones connect in the 
plate circuit of the triode section of the 6SQ7. 
R17 is the audio volume control. 

The top and bottom views, Figs. 1122 and 
1123, show the layout quite clearly. The 
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Fig. 1121 — Circuit diagram of the regenerative superhet. 


Ci, Ce — 50-pufd. variable (Ham- 
marlund MC-50-S). 
C3 — ei variable (National 


C4 — 50-pyfd. mica. 

Cs, Ce, Cr, Cs —0.1-ufd. paper, 
600 volts. 

Co, Cio, Cir, Ciz2 — 0.01-ufd. paper, 

“600 volts. 

Ciz, Ci4 — 0.005-pfd. mica. 

Cis — 3-30-yufd. trimmer, (Na- 
tional M-30); see text. 

Cie — 250-upfd. mica. 

Ciz, Cis, Coz — 100-pufd. mica. 

Cis, Coo — 25-ufd. electrolytic, 50 
volts. 


Cai — 25-uufd. variable (Hammar- 
lund SM-25). 

Ri — 200 ohms, 4 watt. 

5). Re — 20,000 ohms, 1% watt. 

Rs, Ra, Rs — 50,000 ohms, 4 watt. 

Re — 300 ohms, 14 watt. 

R7 — 0.2 megohm, 14 watt. 

Rs — 2000 ohms, 14 watt. 

Ro — 1 megohm, 1% watt. 

Rio — 0.1 megohm, 1% watt. 

Riu — 0.5 megohm, 4 watt. 

Riz — 450 ohms, 1 watt. 

Riz — 75,000 ohms, 1 watt. 

Rua — 5000 ohms, 10 watts. 

Ris — 0,000-ohm volume control. 

Ris — 25,000-ohm volume control. base. 


Riz — 2-megohm volume control. 

Rig — 2 megohms, )4 watt. 

Ti — 460-ke. permeability-tuned 
if. transformer, interstage 
type (Millen 64456). 

Tz — 460-kce. permeability-tuned 
if. transformer, diode type 
(Millen 64454). 

Ts — 460-ke. beat-oscillator trans- 
former (Millen 65456). 

RFC — 2.5-mh. r.f. choke. 

J — Closed-circuit jack. 

Si, Se — S.p.s.t. toggle. 

Li-Ls, inc. — See coil table. 

X indicates jumper inside VR-105 
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the 68Q7 socket. Very little cou- 
pling is needed for satisfactory op- 
eration. 

In wiring the i.f. amplifier, keep 
the grid and plate leads from the 
if. transformers fairly close to the 
chassis and well separated. With- 
out C45, thei.f. stage should be per- 
fectly stable and should show no 
tendency to oscillate at full gain. 

The method of winding the coils 
is shown in Fig. 1124 and complete 
specifications are given in the coil 
table. Ticklers (Z3) for the mixer 
circuit are scramble-wound to a 
diameter which will fit readily in- 
side the coil form and mounted 
on stiff leads going directly to the 
proper pins in the form. The leads 
should be long enough to bring the 


Fig. 1123 — The below-chassis wiring is shown in this view of the Oils inside the grid winding at the 


7-tube receiver. 


chassis is 11 by 7 by 2 inches and the panel 


7 by 12 inches. The band-spread tuning con- 
denser, C3, is at the front center; at the left is 
Ci, the mixer tuning condenser; and at the 
right, Ce, the oscillator band-set condenser. 
The oscillator tube is directly behind C3, 
with the mixer tube to the left on the other 
side of a baffle shield which separates the two 
r.f. sections. This shield, measuring 414 by 
41 inches, is used to prevent coupling between 
oscillator and mixer. The mixer coil socket is 
at the left edge of the chassis behind Ci; the 
oscillator coil socket is between C2 and C3. 

Thei.f. and audio sections are along the rear 
edge of the chassis. The transformer in the 
rear left corner is 71; next to it is the i.f. tube, 
then J. Next in line is the 6SQ7, followed by 
the 6C5 beat oscillator, the b.o. transformer, 
T3, and finally the 6F6. The VR-105 is just in 
front of 73. The i.f. transformers should be 
mounted with their adjusting screws project- 
ing to the rear where they are easily accessible. 

The controls along the bottom edge of the 
panel are, from left to right, the mixer regen- 
eration control, Ris, the i.f. gain control, R16, 
the audio volume control, R17, and the beat- 
oscillator vernier condenser, C21. The latter has 
the corner of one rotary plate bent over so 
that when the condenser plates are fully 
meshed the condenser is short-circuited, thus 
stopping oscillation. 

The tube heaters are all in parallel, one side 
of each being grounded right at the tube socket. 
Only one filament wire need be run from tube 
to tube. 

The beat oscillator is coupled to the second 
detector by the small capacity formed by 
running an insulated wire from the grid of the 
6C5 close to the detector diode plate prong on 
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bottom. The amount of feedback 

is regulated by bending the tickler 

coil with respect to the grid coil. Maximum 
feedback is secured with the two coils coaxial, 
minimum when the tickler axis is at right angles 
to the axis of Z;. The position of Z3 should be 
adjusted so that the mixer goes into oscillation 
with Ris set at 14 to 34 maximum resistance. 
The oscillator circuit has been adjusted to 
make the proper value of rectified grid current 
flow in the 6SA7 injection grid (No. 1) circuit 
on each amateur band. This calls for a fairly 
strong feedback, with the result that if the 
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Fig. 1124 — Coil and socket connections for the 7- 
tube superhet. 


band-set condenser is set toward the high- 
frequency end of its range the oscillator may 
“‘squeg.”’ This is of no consequence unless the 
receiver is to be used for listening outside the 
amateur bands, in which case it may be cor- 
rected by taking a few turns off the tickler 
coil, Zs, but at some sacrifice of conversion 
efficiency in the amateur band for which the 
coil was designed. 

The if. amplifier can be aligned most con- 
veniently with the aid of a modulated test oscil- 
lator. First alignment should be made with C15 
disconnected so that the performance of the 
amplifier non-regenerative can be checked. 
A headset or loud speaker can be used as an 
output indicator. The mixer and oscillator 
coils should be out of their sockets, and R45 
should be set at zero resistance. 

Connect the test oscillator output across C1, 
which should be set at minimum capacity. Ad- 
just the test oscillator frequency to 460 kc. 
and, using a modulated signal, adjust the 
trimmers on 7 and 72 for maximum volume. 
Rig should be set for maximum gain, and the 
beat oscillator should be off. As the circuits 
are brought into line, reduce the oscillator 
output to keep from overloading any of the 
amplifiers, as overloading might cause a false 
indication. 





COIL DATA FOR 7-TUBE SUPERHET 

















Wire 
Band Coil Size Turns Length Tap 
1.75 Me. li 24 70 Close-wound _ 
Le 24 15 as a — 
La 22 15 _ 
Ile 22 42 Close-wound Top 
Ls 24 15 ae on _ 
3.5 Me. li 22 35 - = —_ 
La 22 9 ee oe — 
Ls 22 12 _ 
La 22 25 1 inch 18 
Ls 22 10 Close-wound —_ 
7 Me. Li 18 20 1 inch -— 
Le 22 5 Close-wound _ 
Ls 22 9 —_ 
La 18 14 1 inch 6 
Ls 22 6 Close-wound _ 
14 Me. li 18 10 1 inch — 
Le 22 5 Close-wound _— 
Ls 22 7 = 
La 18 7 1 inch 2.4 
Ls 22 4 Close-wound _ 
28 Mc. Li 18 4 1 inch — 
Loa, 22 4 Close-wound _ 
La 22 1.5 — 
La 18 3.6 1 inch 1.4 
Ls 22 2.4 Close-wound — 


All coils except Lg are 134 inches in diameter, wound 
with enamelled wire on Hammarlund SWF Formas. Spacing 
between Li and Lz, and between La and Ls, approximately 
% inch. Band-spread taps are measured from bottom 
(ground) end of La. 

Ls for 28 Me. is interwound with Li at the bottom end. 
Ls for all other coils is self-supporting, scramble-wound to a 
diameter of 3 inch, mounted inside the coil form near the 
bottom of Li. 


R. eceiver Cc bicttin 


After the i.f. is aligned, plug in a set of coils 
for some band on which there is a good deal of 
activity. Set the oscillator padding condenser, 
Co, at approximately the right capacity; with 
the coil specifications given, the proportion of 
total C2 capacity on each band will be about 
as follows: 1.75 Mc., 90 per cent; 3.5 Mc., 
75 per cent; 7 Mc., 95 per cent; 14 Mc., 90 
per cent; 28 Mc., 45 per cent. Set the mixer 
regeneration control, Ris, for minimum re- 
generation — no resistance in circuit. Connect 
an antenna. Switch the beat oscillator on by 
turning C21 out of the maximum position, and 
adjust the screw on 7’3 until the characteristic 
beat-oscillator hiss is heard. 

Now tune C; slowly over its scale, starting 
from maximum capacity. Using the 7-Mce. 
coils as an example, when C; is at about half 
scale there should be a definite increase in 
noise and in the strength of the signals which 
may be heard. Continue on past this point 
until a second peak is reached on C4; at this 
peak the input circuit is tuned to the frequency 
which represents an image in normal reception. 
The oscillator in the receiver is designed to 
work on the high-frequency side of the incom- 
ing signal, so that C; always should be tuned to 
the peak which occurs with most capacity. 

After the signal peak on C; has been identi- 
fied, tune C3 over its whole range, following 
with C; to keep the mixer circuit in tune, to 
see how the band fits the dial. With C2 prop- 
erly set, the band edges should fall the same 
number of main dial divisions from 0 and 100; 
if the band runs off the low-frequency edge, 
less capacity is needed at Ce, while the con- 
verse is true if the band runs off the high edge. 
Once the band is properly centered on the dial, 
the panel may be marked at the appropriate 
point so that Co may be reset readily when 
changing bands. 

To check the operation of the mixer regener- 
ation, tune in a signal on C3, adjust Cj, for 
maximum volume, and slowly advance the 
regeneration control, Ry. As the resistance 
increases retune C; to maximum, since the 
regeneration control will have some effect on 
the mixer tuning. As regeneration is increased, 
signals and noise will both become louder and 
C; will tune more sharply. Finally the mixer 
circuit will break into oscillation when, with C 
right at resonance, a loud carrier will be heard 
since the oscillations generated will go through 
the receiver in exactly the same way as an 
incoming signal. As stated before, oscillation 
should occur with Ris set at half to three- 
quarters full scale. In practice, always work 
with the mixer somewhat below the critical 
regeneration point and never permit it actually 
to oscillate. On the lower frequencies, where 
images are less serious, the tuning is less critical 
if the mixer is non-regenerative. In this case, 
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6.3V. 
Fig. 1125 — Power supply circuit for the regenerative 
8.8. superhet. 


Ci, Ce — 8-ufd. electrolytic, 450 volts. 

C3 — 16-ufd. electrolytic, 450 volts. 

Ri — 25,000 ohms, 10 watts. 

Li, Le — 12 henrys, 80 ma., 400 ohms. ; 

Ti — 350 volts each side center-tap, 80-90 ma.; 6.3 
volts at 2.5 amp. or more; 5-volt 2-amp. rectifier 
winding. 

Si: — S.p.s.t. toggle. 

Dual-unit electrolytic condensers may be used. Such a 

supply will give 275 to 300 volts with full receiver load. 


always set Ris at zero since there will be a 
range on the resistor where, without definite 
regeneration, the signal strength will be less 
than it is with zero resistance. 

Should the mixer fail to oscillate, adjust the 
coupling by changing the position of Ls with 
respect to Ly. If the coil happens to be ‘‘ poled ”’ 
incorrectly, the circuit will not oscillate. This 
can be cured by rotating Zz through 180 de- 
grees. It is best to test the mixer regeneration 
first with the antenna off, since loading effects 
may give misleading results until it is known 
that Zz is properly set to produce oscillation. 

After the preceding adjustments have been 
completed the i.f. regeneration may be added. 
Install Cys, taking out the adjusting screw and 
bending the movable plate to make an angle 
of about 45 degrees with the fixed plate. Re- 
align the i.f. As the circuits are tuned to reso- 
nance the amplifier will oscillate, and each time 
this happens the gain control, Ris, should be 
backed off until oscillations cease. Adjust the 
trimmers to give maximum output with the 
lowest setting of Ris. At peak regeneration the 
signal strength should be about the same, de- 
spite reduced gain in the amplifier, as without 
regeneration at full gain. Too much gain with 
regeneration will have an adverse effect on 
selectivity. 

For single-signal c.w. reception, set the beat 
oscillator so that when Rig is advanced to 
make the i.f. just go into oscillation the result- 
ing tone is the desired beat-note frequency. 
Then. back off on Rig to obtain the desired de- 
gree of selectivity. Maximum selectivity will be 
secured with the i.f. just below the oscillating 
point. The ‘‘other side of zero beat’’ will be 
very much weaker than the desired side. 

A useful feature of the band-spread dial is 
that it can be directly calibrated in frequency 
for each band. These calibrations may be made 
with the aid of a 100-ke. oscillator such as de- 
scribed in Chapter 18. Ten-ke. points may be 


210 CHAPTER ELEVEN 





plotted if a 10-kc. multivibrator is available, 
but since the tuning is almost linear in each 
band a fairly accurate plot will result if each 
100-ke. interval is simply divided off into ten 
equal parts. 

Power supply requirements for the receiver 
are 2.2 amp. at 6.3 volts for the heaters and 
80 ma. at 250 volts for the plates. Without the 
pentode output stage a supply giving 6.3 
volts at 1.5 amp. and 250 volts at 40 ma. will 
be sufficient. (Bib. 2). 


@A REGENERATIVE PRESELECTOR 


A separate preselector unit, consisting of 
an r.f. amplifier which may be inserted be- 
tween the antenna and receiver, is an ex- 
tremely useful device. Its use is especially 
beneficial on the 14- and 28-Mc. bands where 
image response becomes bothersome with 
superhet receivers using intermediate frequen- 
cies of the order of 455 ke., since the added 
selectivity practically wipes out the image. 
Also, the gain of most receivers drops off on 
these two bands as compared with the lower 
frequencies, so that the additional gain of the 
preselector is helpful in building up the weaker 
signals to more substantial volume. 

A simple preselector for these two bands is 
shown in Figs. 1126 and 1128. As shown in the 
circuit diagram, Fig. 1127, the amplifier tube is 
an 1852, with tuned grid and plate circuits. 
The tuning condensers, C, and Ce, are ganged 
for single-control tuning. 

The unit is built on a 7 by 7 by 2-inch chassis. 
Fig. 1126 shows the arrangement of parts on 
top. The grid-circuit coil is at the left rear cor- 
ner, with the 1852 directly in front of it. An 
L-shaped shield partition separates the grid 
circuit from the plate coil, L3, which is in the 
right front corner. The sockets for both coils — 
are mounted above chassis on small metal 
pillars. The ganged tuning condensers are 
mounted in line in the center of the chassis. 
They are mechanically connected together, 
and to the shaft bearing on the front panel, by 
flexible couplings. The antenna binding posts 
and the cords for power and r.f. output come 
through the rear edge of the chassis. It is neces- 
sary to cut a rectangular hole in the lower part 
of the back of the cabinet to make the connec- 
tions accessible. 

The below-chassis view, Fig. 1128, shows 
how the condensers are grouped about the 
tube socket. The mica condenser, C's, is fas- 
tened vertically across the socket as close to 
it as possible (allow room for the tube centering 
pin to project through the socket) to provide 
shielding between the grid and plate prongs. 
The additional cathode by-pass, Cs, and the 
screen by-pass, C7, also are mounted across 
the socket on either side of the mica condenser, 
thus providing additional shielding. With the 





Fig. 1126 — Top view of the 14- and 28-Mc. pre- 
selector. The padder condensers are mounted inside 
the coil forms. 


exception of the ground on C,, all r.f. ground 
connections are made to one lug on the side 
of the ring holding the tube socket to the chas- 
sis. Shielding about the output leads from Ly is 
essential to prevent unwanted feedback and 
also to reduce signal pickup on the line going 
to the receiver. The shield should be continued 
up to the antenna terminals of the receiver 
with which the preselector is used. The wires 


L, 
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Fig. 1127 — Circuit diagram of the preselector. 


Ci, Co — 15-pyufd. midget variable (National UM-15). 

Cs, Cs — 3-30-uyfd. isolantite-insulated mica padder 
(National M-30). 

Cs — 0.002-yfd. mica. 

Ce, C7, Cs—0.01-pzfd. paper, 400 volts. 

Ri — 150 ohms, 4 watt. 

Rez — 5000-ohm variable. 

R3 — 60,000 ohms, 1 watt. 

Li— 14 Me.: 9 turns No. 20, diameter 114 inches, 
length 1 inch. 

28 Mce.: 4 turns No. 20, diameter 11% inches, 

length 1 inch. 

Le — Close-wound at ground end of Li; 3 turns for 14 
Mce., 2 turns for 28 Mc. 

L3 — Same as Li but tapped 3 turns from ground end for 
14 Me. and 1 turn from ground for 28 Mc. 

Ls — Same as Le, on same form as Lz. 
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should be connected to the ‘‘doublet”’ termi- 
nals on the receiver, and the shield to the re- 
ceiver ground terminal or chassis. The shield 
also is grounded to the preselector chassis. 
This connection between the preselector and 
receiver chassis is essential for good perform- 
ance. 

Because of the high transconductance of the 
1852, very little coupling is needed between 
input and output circuits to cause self-oscilla- 
tion when both circuits are tuned to the same 
frequency. The box containing the unit pro- 
vides part of the shielding between the two 
circuits, in addition to that provided by the 
baffle. This simple shielding is not complete 
enough to prevent self-oscillation, however, so 
the plate of the tube is tapped down on L3 to re- 
duce the feedback. The tap should be located 
so that the circuit goes into oscillation with the 
gain control, Re, at about half-scale or less. 
The controlled regeneration greatly increases 
the gain and selectivity over that obtainable 
without regeneration. 

Power for the preselector may be taken from 
the receiver, since the drain is small. Initial 
adjustments are simple. With the receiver and 
preselector turned on, first tune the plate 
trimmer, C4 (C4 and C3 are mounted inside the 
coil forms) for maximum noise, with Re near 
maximum (least resistance). The adjustment 
will be fairly critical. The tuning condenser 
should be at about half scale, and the receiver 
should be set at about the middle of the band. 


L3 Fig. 1128 — Below chas- 
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sis view of the preselector. 
Note grouping of by-pass 
condensers about the tube 
socket to provide shielding. 
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Then set Ro at minimum gain (resistance all in) 
and adjust C3, the grid padder, for maximum 
noise. The adjustments may be made on a 
signal as well as on noise. Next, advance Re 
a little at a time, simultaneously swinging C3 
through resonance, until oscillations com- 
mence. Back off Re to the point just below 
oscillation and readjust C3 and C4 for maxi- 
mum output. When the lid of the cabinet is 
closed the feedback will decrease and Rz must 
be advanced more to obtain oscillation. It is 
not necessary to work near the critical re- 
generation point under normal conditions so 
that actual tuning is not critical. The prese- 
lector must, of course, be kept in tune with 
the receiver as the latter is tuned over the band. 

Should the circuit oscillate at all settings of 
Re, the plate tap should be moved nearer the 


bottom of L3. If no oscillations take place at 
any setting, move the tap toward the plate end 
until oscillation starts at about half-scale on 
Ro. 

The improvement in gain and reduction of 
image response will depend upon the amount of 
regeneration used. With average-strength sig- 
nals and regeneration below the critical point 
for easy tuning, the signal-to-image ratio will 
be improved by a factor of 40 to 50 on 28 Mc., 
and 100 or more on 14 Me. Used with the aver- 
age receiver having one r.f. stage ahead of the 
mixer, this means that the overall image ratio 
will be of the order of 5000 on 14 Mc. and 400 
or 500 on 28 Me. The voltage gain is about 
100 under the same conditions. Greater selec- 
tivity and gain can be obtained by working 
closer to the critical regeneration point. 
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® IMPORTANT FOREWORD 


Vo REDUCE repetition and make a 
treatment of wider scope possible, liberal ref- 
erence to other chapters in the Handbook is 
made wherever possible. 

For straightforward transmitter adjust- 
ments, such as the tuning and neutralizing of 
standard circuits, the reader should consult 
Chapter Four. Chapter Ten contains the in- 
formation on the adjustment of antenna tuners 
with various types of antennas. Keying sys- 
tems are treated in Chapter Six. The construc- 
tion of meter shunts is covered in Chapter 
Eighteen, while operating data on transmitting 
tubes not specifically covered in this chapter 
will be found in the tables of Chapter Twenty. 

Any unusual characteristics in tuning or op- 
eration are explained in the text describing the 
construction of each unit in this chapter. 

In the descriptions of apparatus to follow, 
not only the electrical specifications but also 
the manufacturer’s name and type number 
have been given for most components. This is 
for the convenience of the builder who may 
wish to make an exact copy of some piece of 
equipment. However, it should be understood 
that a component of different manufacture, but 
of equivalent quality and having the same 
electrical specifications, may be substituted 
wherever desired. 

In most cases, such substitutions will make 
no major modifications necessary, although 
slight wiring changes may be needed to take 
care of different terminal arrangements, etc. 


@®SIMPLE TETRODE OSCILLATOR 
TRANSMITTER 


The unit shown in the photograph of. Fig. 
1201 represents one of the simplest types of 
amateur transmitters. The various parts are 
assembled on a breadboard which may be pur- 
chased already finished at any ‘‘dime”’ store. 
Rubber feet are tacked on at the corners to 
elevate the base a half-inch or so to clear 
mounting screws. A ‘‘ground”’ wire is run from 
one side of the crystal socket to one side of the 
coil socket to which all ground connections 
shown in the diagram of Fig. 1202 are made. 

Since parallel plate feed is used, the only ex- 
posed high-voltage points are the plate-circuit 
r.f. choke and the high-voltage power terminal. 
Grid bias is obtained entirely from the cathode 





Fig. 1201 — The simple breadboard tetrode oscillator 
transmitter. The grid r.f. choke is between the crystal 
and 6L6 and the plate choke to the right of the 6L6. 
The cathode and screen resistors are to the rear of the 
6L6. The blocking condenser, Ce, is between the tube 
and the tank condenser. 


resistance. Hither simple voltage feed to a half- 
wave antenna or an antenna a multiple of one- 
half wavelength long or link coupling to an an- 





- Fig. 1202 — Circuit diagram of the simple tetrode 
oscillator transmitter. 


Ci — 250-upfd. midget variable (National STH250). 


* C2 — 0.001-ufd. mica. 


Cz, Ca, Cs — 0.01-ufd. paper. 

Ri — 200 ohms, 2-watt. 

Rez — 15,000 ohms, 2-watt. 

RFC — 2.5-mh. r.f. choke. 

Li — 1.75 Mc. — 42 turns No. 22 enam., 2 in. long. 
3.5 Mc. —21 turns No. 18 enam., 2 in. long. 
7 Mc. —15 turns No. 18 enam., 2 in. long. 

All coils wound on 4-prong, 1}4-in. diam. forms. 
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Fig. 1203 — This small unit delivers 450 volts at full- 
load current of 130 ma. with 0.3% ripple and measured 
regulation of 17%. By converting to choke-input filter 
by inserting a similar choke between rectifier and pres- 
ent filter, the output voltage would be reduced to about 
300 volts. The chassis measures 7 in., by 9 in., by 2 in. 
All exposed component terminals are underneath the 
chassis. Filament and plate terminals are brought out 
to a 4-prong socket. The circuit diagram is shown in 
Fig. 1204. 


tenna tuner may be used by adding the link 
winding at the bottom of the form, as indi- 
cated in the circuit diagram. 

Although a 6L6 is shown in the photograph, 
a 6V6 might be used at lower plate voltage 
without circuit alteration. Any available sup- 
ply delivering up to 450 volts or so may be 
used with this unit, the power output obtain- 
able increasing with the voltage used. The unit 
shown in Fig. 1203 is suitable. The two units 
are connected by a 4-wire battery cable with a 
4-prong plug at the power-supply end to fit 
the outlet in the power supply. 

Since the circuit is not designed for fre- 
quency doubling, a separate crystal will be re- 
quired for each frequency at which it is desired 
to operate. 

Tuning — A milliammeter with a scale of 
100 or 200 ma. should be connected in series 
with the key, as shown in Fig. 1202, to assist in 
tuning. With suitable coil and crystal in place 
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and the high voltage turned on, a rise in plate 
current should occur when the key is closed. 
The plate tank condenser C, should then be ro- 
tated until there is a pronounced dip in plate 
current at resonance. If the voltage-fed an- 
tenna is used, it may now be connected to the 
antenna terminal and a temporary wire run 
from the antenna terminal to reach the coil 
Ly. Starting at a point one-third or half-way 
up from the bottom of the coil, scrape the wire 
at a spot, being careful not to short-circuit 
turns, and let the antenna wire rest against the 
bare spot. Tuning the transmitter as before, 
the plate-current dip should again be found, 
although less pronounced this time. The tap 
should be moved gradually toward the top of 
the coil until only a slight dip in plate current 
is observed as the plate tank circuit is tuned 
through resonance. At each adjustment of the 
antenna tap, the transmitter should be tested 
to make sure that the circuit keys well. Should 
a point be reached where it is difficult to get 
the crystal to start, the tap should be backed 
off somewhat. It will be found possible to load 
up the circuit more with certain more active 
crystals than with others and still maintain 
good starting and keying characteristics. When 
a satisfactory point has been found for the 
tap, it may be soldered in place permanently 
and a connection made through one of the 
unused pins on the coil form. 

With a 6L6 and a plate supply delivering 400 
volts, the screen voltage will run about 250 
volts. The tube will draw about 75 ma. non- 
oscillating, dipping to about 50 ma. at reso- 
nance with the antenna disconnected. It should 
be possible to load up the circuit until the tube 
draws about 80 ma. at resonance. Under these 
conditions, the power output on each band 
should be 15 to 20 watts. 


eA LOW-POWER ANTENNA TUNER 


If an antenna with tuned feeders is used, the 
antenna tuner shown in Fig. 1205 may be used 
to couple the 6L6 oscillator transmitter to the 
feeders. The link winding of the transmitter 
and that of the antenna tuner should be con- 
nected with a pair of closely-spaced wires. 

The circuit, shown in Fig. 1206, is arranged 
so that different tuning combinations may be 


Fig. 1204 — Circuit diagram of the 
450-volt, 130-ma. power supply pic- 
tured in Fig. 1203. 

C; —4 pfd., 600 volts, electrolytic 
(Mallory HS691). 

Cz— 8 yfd., 600 volts, electrolytic 
(Mallory HS693). 

L— Filter choke, 10 hy., 175 ma., 
100 ohms, (Utah 4667). 

R — 15,000 ohms, 25 watts. 

T — Type-80 rectifier. 

Tr— Combination transformer: 

High-voltage winding delivering 400 volts, r.m.s. each 

side of center, rectifier filament winding, 5 volts, 3 amp., 

r.f, filament winding, 6.3 volts, 6 amp. (Utah Y616). 


obtained by shifting the clips F, G and JZ. 
When F is connected to A, H connected to D, 
and B and C are connected together, the two 
sections of Cy in series are connected across 1, 
forming a low-capacity parallel-tuned circuit. 
When #H is connected to EF and G to D, other 
connections remaining the same, a high-capac- 
ity parallel circuit is formed. For series tuning, 
H is connected to LE, F to B and G to C. 
A low-capacity series-tuned circuit is provided 
by connecting F to B and H to C. 

Dimensions are given for antenna coils of 
four different sizes which are approximately 
correct for the band indicated when parallel 
tuning is required. For series tuning, the coil 
for the next-higher frequency band will usually 
be satisfactory. In some cases, where the feed- 
ers are not close to exact multiples of one- 
quarter wavelength for the frequency in use, 
slight alterations in coil dimensions may be re- 
quired to permit tuning the system to reso- 
nance. The high-capacity circuits will usually 
be required for the lower frequencies, while the 
low-capacity connections will serve for the 
higher frequencies. Coupling may be adjusted 
by altering the number of turns in the windings 
at each end of the link line. 

Construction — The two uprights and the 
strip supporting the indicating lamps are 
pieces of ‘‘one-by-two”’ stock. The uprights 
are each 13 inches long, while the cross- 
strip is 12 inches long, although these 
dimensions may be changed to suit the 
constructor. The shelf for the condenser 
’ and coilis made of a piece of crate wood 
414 inches wide. The panel may be made 
from a scrap of plywood 7 inches high 
and the whole thing may be given a 
couple coats of shellac or paint to suit 
the taste. 


Fig. 1206 — Circuit diagram of the low-power an- 
tenna tuner. 


Section A shows the connections to the coil socket. Cy 
has a eapacity of 140 yuyfd. per section (Hammarlund 
MCD-140). L is a 250-ma. dial light, No. 46. N is a 14- 
watt neon bulb. X is a grounded piece of metal to form a 
capacity for igniting the neon bulb. S is a switch or clip 
for short-circuiting the lamps after tuning. 

B shows the connections to the 6 pins of the coil form. 
Li, whose approximate dimensions are given below, is 
wound in two sections on the form, with the link wind- 
ing, La, in between. 

Li — 1.75 Mc. — 20 turns No. 22 enam., 34-in. long 
each section, }4-in. space between sections, 40 
turns total. 

3.5 Mc. — 11 turns No. 20 enam., 34-in. long each 
section, 44-in. between sections, 22 turns total. 


7 Mc. — 6 turns No. 20 enam., 34-in. long each _ 


section, }4-in. space between sections, 12 turns 
total. 

14 Me. — 3 turns No. 20 enam., 4-in. long each 
section, 4-in. space between sections, 6 turns 
total. 

Number of turns for the link winding, La, will vary 
from 2 to 6 or 8 turns, depending upon coupling required 
for proper loading. Coils are wound on Hammarlund 
6-prong, 1 14-in. diameter forms. 


Feeders 


hentai: Cticclcs 





Fig. 1205 — Rear view of an antenna tuner for low- 
power transmitters. Dial lamps are used as r.f. indi- 
cators. The unit is made to fit over the transmitter 
shown in Fig. 1201. The circuit diagram is shown in 
Fig. 1206. 


The dial lamps are soldered to a pair of par- 
allel wires supported at each end on small 
standoff insulators. The bottom of the neon 
bulb is soldered to a short piece of wire between 








a third pair of standoffs. The piece of grounded 
metal next to the neon bulb is about 134 inches 
square. This provides a capacity to ground to 
enable the neon bulb to operate without touch- 
ing the hand to it. 

The socket for the plug-in coil is mounted on 
the shelf with spacers and woodscrews. The 
shield between the two sections of the variable 
condenser is removed to allow mounting with 
a screw through the hole to the shelf. The shaft 
of the condenser is cut off and an insulating 
coupling inserted between the shaft and the 
control knob. The contacts for shifting con- 
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nections consist of machine screws set in a 
small strip of bakelite. 

The neon bulb and the dial lamps may be 
used to indicate resonance in the antenna cir- 
cuit and relative (not actual) power output. 
The lamps will be useful whenever the length 
from the far end of the antenna to the feeder 
terminals is near an odd multiple of one- 
quarter wavelength for the frequency of opera- 
tion, while the neon bulb will be useful where 
the length is near an even multiple. In tuning 
with the lamps, all sockets should be filled at 
the start. If, as an indication of resonance is 
obtained by an increase in plate current, the 
lamps show no indication, they should be re- 
moved, one at a time, until the remaining 
lamps start to glow. Sufficient lamps should be 
kept in the circuit to prevent danger of burn 
out. After the antenna has been tuned for 
maximum power output, they should be short- 
circuited with the clip. 

When using the neon bulb, the grounded 
metal plate should be bent near the bulb until 
it lights (assuming the transmitter is tuned to 
approximate resonance with the plate-current 
meter). The plate should be moved no closer 
to the bulb than necessary to obtain a satis- 
factory indication. 


6 COMPLETE 15- TO 25-WATT 
OSCILLATOR TRANSMITTER 


The three units of Figs. 1201, 1203 and 1205 
form a simple, inexpensive, low-power trans- 
mitter, complete from power supply to an- 
tenna tuner. The plate milliammeter may be 
mounted in the antenna-tuner unit, if desired. 


@A TWO-STAGE 45-WATT C.W. TRANS- 
MITTER USING 6L6s 
The transmitter shown in the photographs 
of Figs. 1207 and 1209 will handle an input to 
the final amplifier of 45 watts and will provide 
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output, with crystals of proper frequency, in 
any of the amateur bands from 1.75 to 14 Me. 
The unit is complete from power: supply to 
antenna tuner. 

Referring to the circuit diagram of Fig. 
1208, a 6L6 in the Tri-tet oscillator circuit 
provides exeitation for the amplifier at either 
the fundamental frequency of the crystal or 
its second harmonic. The second 6L6 is used 
as an inverted amplifier, which eliminates the 
necessity for neutralizing and makes an excep- 
tionally foolproof arrangement. This trans- 
mitter is recommended especially for the be- 
ginner who has had little previous experience 
with oscillator-amplifier transmitters. The os- 
cillator is coupled to the amplifier by the wind- 
ing L3 in the cathode circuit of the amplifier. 

Both stages are parallel-fed to permit mount- 
ing the tank condensers directly on the metal 
chassis without insulation. The transmitter is 
keyed in the common cathode-return lead of 
both stages. Key connections are made through 
the jack J. Pin jacks are provided at the rear of 
the chassis for making meter connections. A 
milliammeter, connected between the center 
and left-hand pin jacks in the wiring diagram, 
registers oscillator-cathode current. Connect- 
ing the meter between the central and right- 
hand jack permits reading of the amplifier- 
cathode current. No shorts are required across 
the meter jacks when the meter is not in cir- 
cuit, since the cathode circuits remain closed 
through the shunting resistors R3 and Rg. 

An antenna tuner with provision for either 
series or parallel tuning is link-coupled to the 
amplifier output. 

A condenser-input filter is used in the power 
supply. Resistors Rg, Rio, Ri: and Rie are in- 
cluded to equalize the voltage drop across the 
sections of the electrolytic filter condensers. 

Construction — Most of the constructional 
details may be determined from the photo- 


Fig. 1207 — A 45-watt, two-stage 6L6 
c.w. transmitter, complete with power 
supply and antenna tuner. The crystal 
socket is behind cathode coil, Li, at the 
left-hand end of the chassis. The 6L6 
amplifier tube is between the oscillator 
plate coil, Le, and the amplifier plate 
coil, La, at the center. The coil at the 
right is L7 in the antenna tuner. Ter- 
minals at extreme right are for antenna 
connections. Power-supply components 
are arranged along the rear. The three 
controls in front are for the oscillator 
plate tank condenser, Ci, amplifier plate 
tank condenser, C2, and antenna tank 
condenser, C16, respectively from left to 
right. The key jack, J, is at the left and 
the power switch, Sw at the right. The 
chassis measures 8, by 17, by 3 inches. 


graphs. A rectangular hole for the transformer 
terminals is cut in the chassis by drilling half- 
inch holes at the four corners and sawing out 
with a hacksaw. The shield between the two 
sections of the split-stator antenna condenser, 
Cie, is removed, leaving a hole by which the 
condenser may be mounted on the chassis with 
its shaft 434 inches from the end of the chassis. 
An insulated shaft coupling is used between the 
condenser and the panel-bearing unit in the 
front edge of the chassis. The two remaining 
tank condensers are shaft-mounted in the front 
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Fig. 1208 — Circuit diagram of 
the 45-watt c.w. transmitter. 





Cis — 140 yuufd. per section (Ham- 


hy eee ee 


edge without insulation at a height to bring 
their shafts level with that of Cig. Co is mounted 
at the center and the shaft of Cy, comes at 434 
inches from the end of the chassis to balance 
Cie. The three antenna terminals are jack-top 
binding posts, insulated from the chassis with 
National button-type polystyrene insulators 
which are drilled out to fit the posts. 

The small parts, such as by-pass condensers, . 
blocking condensers, resistors and r.f. chokes 
are grouped around the points at which they 
connect. All high-voltage wiring is done with 


Co 





RFC — 2.5-mh. r.f. choke. 


Ci, C2—150 pufd. (National ST- 
150) 


C3 — 100 pyfd. mica. 

Ca, Cs, Ce — 0.001 pyfd. mica. 

C7, Cs, Co, Cio, Cir, Ciz, Cis — 
0.01 ufd. 

Ci4, Cis — Dual 8-8 pfd. electrolytic 
with 4 leads, sections con- 
nected in series, 450-volt 
working. 


Li — For 1.75-Mc. crystals — 32 turns No. 24 d.s.c., 


close-wound. 


For 3.5-Me. crystals — 10 turns No. 22, 1-in. long; 


marlund MCD-140-M). 

J — Single, closed-circuit jack for 
key. 

Ri — 0.1 meg., 1-watt. 

Rez — 500 ohms, 1-watt. 

Rs, Ra — 25 ohms, 1-watt. 

Rs — 50,000 ohms, 10-watt. 

Re — 25,000 ohms, 1-watt. 

R7z — 25,000 ohms, 10-watt. 

Rs — 50,000 ohms, 10-watt. 

Ro, Rio, Ri1, Riz — 0.5 meg., 14 watt. 


L7* 


Sw — S.p.s.t. toggle switch. 

T — Combination transformer: 400 
volts each side of center- 
tap, 150 ma.; 5 volts, 3 
amps. filament for 83 rec- 
tifier; 6.3 volts, 4 amps. for 
6L6s (UTC type S-39; low- 
voltage secondary taps 
used), 


1.75 Mc. — 20 turns No. 22, 34-in. long each sec- 


tion, 4%-in. space between sections, 40 turns 


total. 


100-yyfd. mica condenser mounted in form and 


connected across winding. 


3.5 Mc. — 11 turns No. 20, 34-in. long each sec- 


tion, %-in. space between sections, 22 turns 


For 7-Me. crystals — 6 turns No. 22, 5-in. long. 
Le, Le — 1.75-Me. band — 55 turns No. 26, 134-in. long. 
3.5-Mc. band — 26 turns No. 20, 134-in. long. 
7-Mc. band — 15 turns No. 18, 14-in. long. 
14-Mc. band — 10 turns No. 18, 114-in. long. 
Ls — Wound close to and below Lz. 
1.75-Mc. band — 14 turns No. 26, close-wound. 
3.5-Mc. band — 9 turns No. 24, close-wound. 
7-Mc. band — 6 turns No. 20, close-wound. 
14-Mc. band — 4 turns No. 20, close-wound. 
Ls, Le — 3 to 6 turns as required for proper coupling to 
antenna, Ls wound close to and below La; Le 
wound between sections of L7. 


total. 


7 Mc. — 6 turns No. 20, 34-in. long each section, 
1%-in. space between sections, 12 turns total. 


14 Mc. —3 turns No. 20, 4-in. long each section, 
4-in. space between sections, 6 turns total. 
* See text for usage. 
All above coils wound on Hammarlund 1)4-in. di- 
ameter forms, 4-prong for Li, 5-prong for all others. 
Ls — 6 hy., 175 ma (UTC 829): 
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heavily-insulated wire. R.F. wiring is done, for 
the most part, with straight short sections of 
heavy bare wire, well-spaced from the chassis 
and any near-by components. 

The crystal and cathode-coil sockets are 
wired up as shown in Fig. 1260 and the pin 
jacks for making connections to the v.f.o. unit 
are set in the left-hand end of the chassis. It.is 
very important that the leads between the pin 
jacks and the cathode-coil socket be kept as 
short as possible. 

The power transformer suggested in the list 
of components is fitted with two sets of high- 
voltage secondary terminals. The lower-volt- 
age pair, Nos. 12 and 14, should be used. 

All coils are wound on Hammarlund 1%- 
inch diameter forms. Winding data are given 
in the table of components. Where close-wound 
coils are not definitely indicated, the required 
number of turns must be spaced out to fill the 
specified length on the form. 

Tuning — For preliminary tuning, a crys- 
tal and set of coils for the band in which the 
crystal frequency lies should be plugged in. A 
milliammeter with a scale of 150 or 200 will 
serve for tuning both stages. With the meter 
connected in the oscillator circuit, the key 
should be closed and C, tuned to a dip in plate 
current near maximum capacity. When the dip 
has been found, the condenser should be set 
slightly on the low-capacity side to assure re- 
liable keying. The best setting may be deter- 
mined by listening to the transmitter signal 
on a receiver with the antenna removed to pre- 
vent blocking. 

The meter should now be shifted to the 
amplifier circuit and Ce tuned for plate-current 
dip near maximum capacity. 

With the same crystal and cathode coil in 
use, the coils for the next-higher-frequency 
band should now be plugged in and the tuning 
repeated for this set of coils. The transmitter 
will then be tuned to the second harmonic of 
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the crystal frequency, or twice its fundamental 
frequency. Thus, output may be obtained in 
two bands from any crystal, providing its sec- 
ond harmonic does not fall outside an amateur 
band. If the coils are carefully trimmed, it will 
be possible to tune to the crystal fundamental 
near maximum-capacity settings of Cy and C2 
and to the harmonic near minimum capacity. 
It should be borne in mind that the cathode 
coil requires changing only in case a crystal is 
used whose frequency is in a different band; the 
same cathode coil serves for fundamental and 
harmonic operation. An inverted amplifier 
does not operate efficiently as a frequency 
doubler. Therefore, operation of the amplifier 
as a second doubler is not recommended. This 


type of amplifier is also not recommended for 


modulation. ; 

The antenna tuner — By changing the po- 
sition of the banana plug which fits the jack- 
top output binding posts, as indicated in the 
circuit diagram, several combinations may be 
obtained. By placing the plug in terminal No. 
8 and connecting feeders to terminals 1 and 3, 
we have a low-capacity parallel-tuned circuit. 
By placing the plug in the top of terminal /, 
strapping terminals 2 and 3 together and con- 
necting the feeders to 1 and 3, we have parallel 
tuning with high capacity. By keeping the plug 
in terminal 7 and connecting the feeders be- 
tween 2 and 8, we have series tuning with high 
capacity and by leaving the plug open and 
connecting the feeders to 2 and 3, we have 
series tuning with low capacity. Antenna coils 
of four sizes are listed among the coil data. 
With a combination of one of these coils with 
various arrangements of tuning, it should be 
possible to arrive at a satisfactory tuning and 
coupling adjustment. The dimensions given 
will be approximately correct for parallel tun- 
ing in the band indicated. For series tuning, 
the coil for the next-higher-frequency band 
will be approximately correct, if feeder lengths 


Fig. 1209— All wiring con- 
nections are made underneath 
the chassis of the 45-watt c.w. 
transmitter. All sockets, the filter 
condensers, C14 and Cis, and the 
power transformer are _ sub- 
mounted. Cie is to the left, C2 
at the center and C; at the right. 
Meter pin jacks, with shunting 
resistors, Rg and Ra, are mounted 
in the rear edge of the chassis at 
the right. The pin jacks in the 
right edge of the chassis are for 
v.f.0.-input connections. 


are reasonably close to quarter-wavelength 
multiples. The coupling may be adjusted, by 
changing the number of turns at each end of 
the link line, to:load the amplifier to a maxi- 
mum of 100 to 125 ma. 

When resonance points have been found, the 
proper procedure in tuning is-to set the an- 
tenna tuning well away from resonance, tune 
the oscillator, then the amplifier to maximum 
plate-current dip, and then swing the antenna- 
tuning condenser to resonance, indicated by a 
peak in amplifier plate current. 

By proper adjustment, it should be possible 
to obtain a power output of 25 to 30 watts in 
all bands, the higher outputs occurring at the 
lower frequencies. With a plate voltage of 450, 
an amplifier loading which produces a plate 
current of 100 to 125 ma. represents optimum 
adjustment; greater loading will usually be ac- 
companied by a decrease in output. 

The oscillator plate current at resonance 
will normally run between 22 and 32 ma., de- 
pending upon frequency and whether or not 
the oscillator is doubling frequency. When op- 
erating at the fundamental, the oscillator plate 
current will run somewhat higher than when 
doubling, because of the necessity for setting 
off exact resonance to permit reliable keying. 
With a plate voltage of 450, the oscillator 
screen voltage should be approximately 200 
volts and that of the amplifier, when tuned and 
loaded, 260 volts. 


@ AN INEXPENSIVE THREE-BAND 
TRANSMITTER USING THE TYPE 815 


Figs. 1210 and 1212 show an inexpensive 
transmitter designed to operate in the 3.5-, 7- 
and 14-Mc. bands from a 8.5-Me. crystal. A 
6L6 Tri-tet oscillator is used to drive a type 
815 in a push-pull amplifier circuit. As the 


Fig. 1211 — Circuit diagram of 
the inexpensive 3-band _ trans- 
mitter. 


Ci — 140-uyfd. per section dual 
midget variable (Ham- 
marlund HFD-140). 

C2 — 140-uyfd. per section dual 
midget variable (Ham- 
marlund MCD-140-M). 

Cs — 200-pnyufd. mica. 

C4 — 0.005-yfd. paper, 1600-volt 
rating. 

Cs, Ce, C7, Cs — 0.01-ufd. paper, 
600-volt rating. 

Ri — 200 ohms, 14-watt. 

Ra — 20,000 ohms, 1-watt. 

R3 — 20,000 ohms, 10-watt. 

Ra — 6000 ohms, 25-watt. 

Rs, Re — 5000 ohms, 25-watt. 

RFC, — 2.5-mh. r.f. choke (Na- 
tional R-100). 

RFC2 — 1-m.h. r.f. choke (National R-300). 

B — 60-ma. lamp. 

Li — 21 turns No. 24 d.s.c., close-wound, 44-inch diam. 
oe y ig. 1213 for specifications of La, L3, and 


yer Ciatrackion 








Fig. 1210 — The 815 three-band transmitter is as- 
sembled on a 3-inch, by 5-inch, by 10-inch chassis. The 
oscillator plate coil and amplifier grid coil are wound on 
the small form between the 6L6 and the 815. The lower 
control is for the amplifier grid condenser which con- 
trols the tuning of the oscillator plate tank circuit. 


wiring diagram of Fig. 1211 shows, the two 
stages are coupled inductively, while the tun- 
ing condenser is connected in the grid circuit 
of the amplifier. Since the 815 is a screened 
tube, no neutralization is necessary at the fre- 
quencies at which the transmitter operates. 

The 815 operates at all times as a straight 
amplifier, of course. Excitation at 14 Mc. is ob- 
tained by tuning the plate circuit of the oscil- 
lator to the fourth harmonic of the crystal 
frequency. A 60-ma. dial lamp is connected in 
series with the crystal to indicate crystal r.f. 
current. 

The arrangement of parts may be deter- 
mined from the photographs. C;, underneath 
the chassis, is placed between the 815 socket 


OUTPUT 


-45 +HV. 
MAi, MAg and MAsz— Milliammeters with scales of 
100, 300 and 25 ma., respectively. 
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and the coil socket for Le and L3 so that the 
connections will be very short. The cathode 
coil is wound on a 14-inch diametér form, with 
a sheet of paper between the winding and the 
form to facilitate removal. Before removing, 
the winding is given a coating of Duco cement 
or coil dope. A terminal strip with 10 terminals 
is set in the rear edge of the chassis. 

Tuning — This transmitter is designed to 
operate from a single plate supply delivering 
up to 500 volts at 200 ma. or more. The unit 
shown in Fig. 1214 will be satisfactory and will 
also furnish 6.3 volts for the heaters. A 45-volt 
“B” battery is also required for biasing the 
815 to limit the plate current to a low value 
when the key is open. 


La L3 L 
TOP VIEW OF COIL SOCKET TOP VIEW OF COIL SOCKET 


Fig. 1213 — Coil connections and data for 815 trans- 
mitter. 
L 


Le 3 
3.5-Mc. — 17 turns No. 54 turns No. 28 d.s.c. 


24 d.s.c. 27 turns each side of primary. 
7-Mc.—12 turns No. 22 turns No. 22 d.s.c. 

22 d.s.c. 11 turns each side of primary. 
14-Mc.—9 turns No. 12 turns No. 22 d.s.c. 

22 d.s.c. 6 turns each side of primary. 


Coils wound on 1-inch diam. forms (Millen 45005). 
Approx. }4-inch spacing between windings. 


4 
3.5-Mc. — 40 turns No. 18, 17-inch diam., 244 inches 
long (B & W 80-JVL). 

7-Mc. — 24 turns No. 16, 124-inch diam., 214 inches 

long (B & W 40-JVL). 
14-Mc. — 14 turns No. 16, 17-inch diam., 214 inches 
long (B & W 20-JVL). 

Coils are wound in two sections with half the total 
number of turns each side of center. A 3-inch space is 
left at the center to permit the use of a swinging link. 
The Barker and Williamson coils are mounted on five- 
prong bases of the type which plug in tube sockets. 
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Fig. 1212 — Bottom view of the 
815 transmitter, showing the lo- 
cation of C; and various small 
parts. The cathode coil, Li, is 
wound self-supporting and sol- 
dered to the _ oscillator-tube 
socket. Normal power output at 
maximum plate voltage should be 
50 to 55 watts. 


Fig. 1211 shows how meters may be con- 
nected for tuning. Setting up for any one of 
the three bands is merely a case of plugging in 
the coils for the band desired, as indicated in 
Fig. 1213. 

It is advisable to test the oscillator circuit 
first, and the plate and screen voltages should 
be removed from the 815 during this period. 
With voltage applied to the oscillator, the 815 
grid circuit, C;-L3, should be brought to reso- 
nance, as indicated by maximum reading on a 
milliammeter connected in the amplifier grid- 
bias lead. The dropping resistor, R4, should be 
set at its full value of 6000 ohms during the 
preliminary testing; to secure proper plate 
voltage a final setting may be made when the 
power supply is completely loaded by the en- 
tire transmitter. The grid current should be in 
the neighborhood of 10 milliamperes on all 
three bands. This may be adjusted by changing 
turns on Le or by detuning C4, if grid current’is 
excessive. The oscillator plate current will re- 
main almost constant during this tuning, be- 
cause relatively little power is taken from the 
oscillator circuit. 

After the oscillator has been checked, the 
amplifier may be put into operation. The screen 
voltage lead should be tapped in between the 
two 5000-ohm resistors, Rs and Rg to reduce 
the voltage applied to the screen grid and thus 
provide a safety factor during the preliminary 
tests. With plate voltage and grid excitation 
applied, the off-resonance plate current should 
be 250 milliamperes or so, dropping to approxi- 
mately 25 milliamperes with the plate circuit 
tuned to resonance. A load, such as a lamp 
dummy, should now be connected to the final 
tank circuit and the coupling adjusted (it may 
be necessary to wind a loop of several turns 
around the tank coil to obtain proper coupling) 
to bring the on-resonance plate current to 150 
milliamperes. Oscillator-plate and amplifier 
screen-grid voltages may then be adjusted to 
300 and 200 volts, respectively, by adjusting 


: 
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Fig. 1214 — This unit delivers either 
450 or 560 volts at a full-load current of 
200 ma. with 0.3% ripple and measured 
regulation of 16%. Taps are provided on 
the transformer secondary for the lower 
voltage. The chassis is 7 inches, by 17 
inches, by 3 inches and the panel 834 
inches by 19 inches. Only the terminals 
of the filament transformer and chokes 
appear above the chassis and these units 
are placed so that there is little danger of 
accidental contact. A 6.3-volt, 3-amp. 
transformer is included for heating fila- 
ments of r.f. tubes. It is mounted under- 
neath the chassis and its output ter- 
minals are brought out to a 115-volt 
receptacle at the rear. The circuit dia- 

- gram appears in Fig. 1215. 


the taps on the two dropping resistors. It is 
probable that the amplifier plate current will 
either rise or fall at this point, depending upon 
whether the oscillator circuit and the 815 
screen grid take more or less power than they 
did before. If the plate-current change is con- 
siderable, it will be wise to reset the final load 
and then make another check of the various 
voltages. 

With all voltages at the proper values it is to 
be expected that the various currents will be 
about as follows: oscillator plate, 40 milliam- 
peres; 815 grid, 4 or 5 milliamperes; 815 plate, 
150 milliamperes. It will be found that a grid 
current of 4 to 6 milliamperes gives the best 
output and that more grid current fails to in- 
crease either the output or efficiency. A meter 
inserted in the amplifier screen-grid circuit 
should show a current of 60 milliamperes; 
about four-fifths of this is taken by the voltage 
divider. 

When the transmitter is in actual operation, 
it may be observed that the amplifier plate cur- 
rent does not fall to complete cut-off when the 
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Fig. 1215 — Circuit diagram of the 450-volt supply 
shown in Fig. 1214. 


Ci, Co — 8 ri electrolytic, 600-volt working (Mallory 


Li — Input choke, 5-20 hy., 200 ma., 130 ohms (Thor- ° 


darson T19C35). 

L2— Smoothing choke, 12 hy., 200 ma., 130 ohms 
(Thordarson T19C42). 

R — 20,000 ohms, 25 watts. 

Tri — 660 and 550 volts, r.m.s. each side of center, 250 
ma. d.c. (Thordarson T19P55). 

Tre —5 vse 4 amp., 1600-volt insulation (Thordarson 


'. 


Tra — 6.3 volts, 3 amp. 
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excitation is removed. This is to be expected 
unless the power supply has such excellent reg- 
ulation as to prevent any considerable increase 
in screen voltage when the load is greatly re- 
duced. However, the plate current should drop 
to only a few milliamperes so long as the screen 
voltage does not reach a value which exceeds 
the normal voltage by more than 50 or 75 volts. 

The amplifier plate coils are complete with 
links which permit working directly into a low- 
impedance line. This means that the amplifier 
may be fed into low-impedance (73 ohm) an- 
tenna feeders or that it may be link-coupled to 
an amplifier operating at higher input or to an 
antenna tuner for coupling to an antenna with 
tuned feeders. If desired, the oscillator circuit 
may be arranged for v.f.o. input as shown in 
Fig. 1260. 


@ LOW-POWER ANTENNA TUNER FOR 
RACK MOUNTING 


In the low-power antenna tuner shown in 
Fig. 1216, separate series and parallel conden- 
sers are used. This arrangement, while requir- 
ing three condensers, has the advantage that 
no switching from series to parallel tuning is 
necessary. It also makes it possible to cover a 
wider range of conditions, because the series 
condensers may be adjusted in conjunction 
with the parallel condenser to shorten the elec- 
trical length of the feeders when this may be 
required to make parallel tuning effective. In 
addition, the series condensers provide a meas- 
ure of control over loading when parallel tuning 
is used. Clips with flexible leads are provided 
for the parallel condenser, Cj, so that the sec- 
tions may be connected either in parallel or in 
series to form either a high- or low-capacity 
tank circuit as required. When the high-C 
parallel tank is desired, the two stators are 
clipped together, as shown by the dotted lines 
in the circuit diagram of Fig. 1217, and the 
rotor connected to the opposite feeder. With 
the sections in series, the break-down voltage 
is increased. 

Under the circuit diagram, two sets of con- 
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densers are suggested. The smaller condensers 
should be satisfactory for low-power trans- 
mitters operating at 400 to 450 volts, while the 
larger condensers will be required for higher 
voltages up to about 750 or 1000 volts. 


® COMPLETE 70-WATT 3-BAND 
TRANSMITTER 


The units shown in Figs. 1210, 1214 and 1216, 
with the addition of a 45-volt battery for bias, 
may be combined to form a complete trans- 
mitter. The smaller condensers listed for the 
antenna tuner may be used. If the transmitter 
is mounted on an 84-inch panel and 3)4 inches 
is allowed for a meter panel, the complete 
transmitter will occupy a height of 2614 inches 
if placed in a rack. 


@A 90-WATT C.W. TRANSMITTER 
USING PUSH-PULL 6L6s 


In the 90-watt c.w. transmitter shown in 
Figs. 1218 and 1220, a 6L6 Tri-tet oscillator 
drives a pair of 6L6s in a push-pull inverted 
amplifier circuit. The diagram appears in Fig. 
1219. 

The sockets for the crystal and cathode coil 
are wired as shown in Fig. 1260 to permit feed- 
ing with a v.f.o. unit if desired. The plate cir- 
cuit of the oscillator is parallel-fed to permit 
grounding of the rotor of C2 in mounting. A 
high-capacity tank condenser is used so that 
two bands may be covered with one coil to re- 
duce coil-changing when shifting from one band 
to another. The cathode coil, Ls, by which the 
oscillator and amplifier are coupled, is center- 
tapped to provide push-pull input. 

While neutralization is not required, a cer- 
tain amount is introduced through the fixed 
condensers C'g and C19 from plates to cathodes 
partially to nullify the effects of degeneration 
inherent in this type of circuit and thereby re- 
duce excitation requirements. Neutralization 
is not carried to the point where there is dan- 
ger of instability. All r.f.-wiring leads in the 
amplifier should be made as short and direct 
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Fig. 1216—A_ rack-mounting 
antenna tuner for low-power trans- 
mitters. The components are mounted 
on a 54-inch panel. The condensers 
are mounted off the assembly rods on 
National type GS-1 insulating pillars 
fastened ‘to the condenser end plates 
with machine screws from which the 
heads have been removed. Small 
isolantite shaft couplings insulate the 
controls. The coil socket is fastened 
to the rear end plate of the parallel 
condenser with spacers to clear the 
prongs. 


as possible. The individual grid condensers, 
C7 and Cx, should be connected directly at each 
socket. 

The output of the amplifier is link-coupled 
to an antenna tuner. The lower stator of C4 is 
fitted with a flexible lead terminating in an in- 
sulated banana plug which may be plugged 
into any one of the antenna terminals which 
are jack-top binding posts. These posts are in- 
sulated from the chassis by mounting them in 
National polystyrene button-type insulators 
which have been drilled out. Series tuning 


Feeders 





Link Input 


Fig. 1217 — Circuit of the antenna tuner for trans- 
mitters with final amplifiers operating at less than 1000 
volts. 

Ci — 100 uyfd. per section, 0.045-in. spacing (National 
TMK-100-D) for higher voltages; receiving- 
type for lower voltages (Hammarlund MCD- 


100). 

Ce, C3 — 250 uxfd., 0.026-in. spacing (national TMS- 
250) for higher voltages; receiving-type for 
lower voltages (Hammarlund MC250). 

L—B & W JVL series coils. Approximate dimensions 
for parallel tuning for each band as follows: 

1.75-Me. band — 56 turns No. 24. 

3.5-Mc. band — 40 turns No. 20. 

7-Mc. band — 24 turns No. 16. 

14-Mc. band — 14 turns No. 16. 

28-Mc. band — 8 turns No. 16. 

All coils 174-in. diameter, 214-in. long with variable 

link at center. For series tuning the coil for the next- 
higher-frequency band will be approximately correct. 


Fig. 1218 — The rack-width panel 
of the 90-watt 6L6 transmitter is 7 
inches high. The milliammeter is 
switched from the oscillator to the 
_amplifier by the rotary switch at the 
left. The three remaining controls are 
for tuning the oscillator-plate, ampli- 
fier-plate and antenna tank circuits. 
All sockets, except those for the 
amplifier- and antenna-tank coils are 
submounted. The three insulated 
terminals at the right rear are for 
antenna connections. 


with high capacity is obtained by placing the 
plug in 7 and connecting the feeders to 2 and 
3 and series tuning with low capacity by leav- 
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ing the plug free and connecting the feeders to 
2 and 3. High-capacity parallel tuning is ob- 
tained by placing the plug in 7, shorting 2 and 
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Fig. 1219 — Circuit diagram of the 90-watt 6L6 transmitter. 


C; — 100 upfd. mica. 
C2— 250 pufd. (National TMS- 
« 250). 

Cs, C4—250 pyfd. per section 
(Hammarlund MTCD- 
250-C). 

Cs, Ce — 0.001 yufd. mica. 

Cz, Cs — 50 pufd. mica. 

Li* — 1.75-Me. crystals: 32 turns No. 24 d.s.c., close- 
wound. 

For 3.5-Mce. crystals: 10 turns No. 22, 1-in. long; 
100-yufd. mica condenser mounted in form, con- 
nected across winding. 

For 7-Me. crystals: 6 turns No. 22, 54-in. long. 

Le* — For 1.75- and 3.5-Mc. bands — 38 turns No. 18 
d.c.c. close-wound. 

For 3.5- and 7-Mc. bands — 20 turns No. 18, 


154-in. long. 
For 7- and 14-Mc. bands — 9 turns No. 18, 144- 
in. long. 


L3**— B & W JCL series coils, dimensions as follows: 
1.75 Mc. — 60 turns No. 24, 214-in. long. 
3.5 Mc. — 44 turns No. 20, 2}4-in. long. 
7 Mc. — 26 turns No. 16, Stes long. 
14 Mc. — 16 turns No. 16, 1%-in. long. 
NEE 


* All wound on Hammarlund 114-in. diameter forms. 
** All 114-inches diameter. 


Co, Cio — 10 upfd. mica. 

Ci, Ciz, Cis, Cia, Cis — 0.01 ufd. 
Ri — 0.1 meg., 144-watt. 

Rz — 50,000 ohms, 2-watt. 

Rs — 500 ohms, 1-watt. 

Ra — 25,000 ohms, 1-watt. 

Rs — 12,000 ohms, 10-watt. 


Re, R7 — 25 ohms, 1-wait. 

MA — 0-300 milliammeter. 

S — S.p.d.t. switch. 

RFC: — 2.5-mh. r.f. choke, 100-ma. 

RFC32 — 1-mh. r.f. choke, 300-ma. 
(National R300). 

RFC3— U.H.F. parasitic choke 
(Ohmite Z-1). 

La*** — B & W JVL series coils, dimensions as follows: 

1.75 Mc. — 56 turns No. 24. 

3.5 Mc. — 40 turns No. 20. 

7 Mc. — 24 turns No. 16. 

14 Mc. — 14 turns No. 16. 

14 Me. (series) — 8 turns No. 16. 

Ls — 1.75- and 3.5-Me. bands — 20 turns, centertapped, 
No. 24 enam., close-wound, wound close to bot- 
tom of Le on same form. 

3.5- and 7-Mc. bands — 14 turns, centertapped, 
No. 22 enam., close-wound, wound )4-in. from 
bottom of Le on same form. 

7-and 14-Mc. bands — 8 turns, centertapped, No. 
20 enam., close-wound, wound }%-in. from bot- 
tom of Le on same form. 

Le, L7 — 3 turns at center of L3 and La. 

*** All 17%-inch diameter, 214-inches long. Dimen- 
sions are approximate for parallel tuning for the band 
indicated. For series tuning the coil for the next-higher- 
frequency band is approximately correct. 
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8 and connecting the feeders between / and 3, 
while parallel tuning with low capacity is ob- 
tained by placing the plug in 3 and connecting 
to 1 and 8. 

Both stages are keyed simultaneously in the 
cathode return leads. The milliammeter, MA, 
may be switched from the oscillator-cathode 
circuit to that of the amplifier. Switching is 
simplified by the shunting resistances, Rg and 
R7, which are sufficiently high in value to have 
negligible effect upon the reading of the meter. 

The transmitter may be operated at maxi+ 
mum input from the 450-volt, 200-ma. supply 
shown in Fig. 1214. 

Tuning — Tuning of the transmitter is 
quite simple. It should be borne in mind that 
output from the oscillator may be obtained at 
either the fundamental frequency of the crystal 
or at the second harmonic of that frequency 
and that the selection of the proper coil for Ly 
depends upon the crystal frequency and not 
the output frequency of the oscillator. On oscil- 
lator plate coils listed, the lowest-frequency 
band will be found near maximum capacity of 
Co, while the higher-frequency bands will be 
found near minimum capacity. With the meter 
switched to the oscillator circuit, the meter 





Fig. 1221 — Front view of the 200-watt beam-tube transmitter. 
The panel is 834 inches high. 
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Fig. 1220 — The three 
tank condensers are 
mounted underneath the 
chassis of the 90-watt 
transmitter. The two split- 
stator condensers are 
mounted from the rear 
edge of the chassis with 
National GS-1 insulating 
pillars and their shafts are 
fitted with insulating cou- 
pling and panel bearings. 
They are mounted so that 
their shafts come level 
with that of C2 to the left, 
which is mounted directly 
on the chassis without in- 
sulation, Heavy bare-wire 
leads passing through 
grommeted holes in the 
chassis connect the ampli- 
fier and antenna tank condensers with their coils on top. 
The chassis is 7 inches wide and 3 inches deep. 


should read about 60 ma. when the key is 
closed, if the full 450 volts is used. As Ce is 
tuned to resonance, the oscillator current will 
dip to about 25 ma. at the lower frequencies 
and to about 50 ma. at the higher frequencies. 

With the meter switched to the amplifier 
stage, a current reading of about 260 ma. 
should be obtained when the key is closed. A 
dip to 50 ma. or less should be obtained on 
tuning C3 to resonance. 

The antenna may now be coupled and 
tuned. When the plate curre:,; of the amplifier 
increases to 200 ma. 2% resonance, this repre- 
sents about optimum loading. 

With a plate voltage of 450 and proper ad- 
justment, it should be possible to obtain a 
power output of 50 to 60 watts on all bands. 

As with the single-tube inverted amplifier 
previously discussed, this transmitter is recom- 
mended for c.w. work only. 


@ COMPLETE 90-WATT C.W. 
TRANSMITTER 


The r.f. unit of Fig. 1218 may be combined 
with the power-supply unit of Fig. 1214 (6.3- 
volt transformer included) to form 
a complete transmitter. The two 
units will have a combined height 
of 1534 inches in a standard rack. 


@A TWO-STAGE 200-W ATT 
BEAM-TUBE TRANSMITTER 
The simplicity of the 200-watt 

transmitter shown in Figs 1221, 

1222 and 1224 will appeal to many 

amateurs. As the circuit of Fig. 1223 

shows, a 6L6 Tri-tet oscillator sup- 

plies excitation at either the crystal 
fundamental frequency or its sec- 
ond harmonic for the HY67 in the 

output stage. Since the latter is a 

screened tube, no neutralizing is 

required. Parallel feed is used in the 
oscillator circuit to permit mount- 


Fig. 1222 — The cathode coil, os- 
cillator tube and crystal of the 200- 
watt beam-tube transmitter are in 
line at the right. The socket for the 
HY67 is sunk an inch below the chas- 
sis level to shorten the plate lead and 
the bottom portion of the tube is 
shielded with a section of Hammar- 
lund PTS tube shield. The amplifier 
plate tank condenser is insulated 
from the chassis with National poly- 
styrene button-type insulators at the 
three mounting feet. 


ing Ce on the chassis without insulation. The 
milliammeter may be switched to read either 
oscillator- or amplifier-cathode current. Rs is 
inserted in series with the screen to prevent 
parasitic oscillation. 

Power Supply — A unit delivering 300 volts 
is required for the plate of the oscillator and 
the screen of the amplifier. This voltage, as 
well as a fixed biasing voltage of 75 for the 
amplifier, may be obtained from the combina- 
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Fig. 1223 — Circuit diagram of the 200-watt beam- 
tube transmitter. 
C; — 100 upfd., mica. 
Ce — 300 upfd., variable (National TMS-300). 
C3 — 250 ywpfd., variable, 0.045-in. spacing (National 
TMK-250). - 
C4, C5 — 0.001 ufd., mica. 
Ce — 100 upfd., mica, 
C7 — 0.001 ufd., mica, 5000-volt test. 
Cg, Cy, Cio, Cir, Ci2, C13, Cia — 0.01 ufd. 
MA — Milliammeter, 300-ma. scale. 
Ri — 0.1 meg., 4-watt. 
Re — 500 ohms, 1-watt. 
Rs — 50,000 ohms, 10-watt. 
Ra — 2000 ohms, 10-watt. 
Rs — 50 ohms, 1-watt. 
Re — 25 ohms, 1-watt. 
R7z — 25 ohms, 10-watt. 
RFC — 2.5-mh. r.f. choke. 
S — Double-pole double-throw toggle switch. 
‘iT — Filament transformer, 6.3-volts, 6-amps. (Thor- 
darson T19F98). 
Li — 1.75-Me. crystals — 32 turns No. 24 d.s.c., close- 
wound. 
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tion unit shown in Fig. 1237 with the com- 
ponents for 300-volt output. The supply shown 
in Fig. 1225 will furnish plate voltage for the 
amplifier. 

Tuning — The simplicity of the circuit 
makes tuning an easy job. With a cathode coil 
at LZ; appropriate for the crystal in use, and an 
oscillator plate coil at Ze which covers the 
crystal frequency with C2 near maximum, the 
oscillator is tuned to either the fundamental 
frequency of the crystal fre- 
quency near the maximum of 
Cz or to the second harmonic 
of the crystal frequency near 
minimum capacity of Ce by 
the customary plate-current 
dips. The key should not be 
kept closed for prolonged pe- 
riods during this adjustment 
unless the 300-volt lead to the 
screen of the amplifier is dis- 
connected. If the plate-cur- 
rent dips indicating both fun- 
damental and harmonic are 
not found, it may be necessary 
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3.5-Mc. crystals —10 turns No. 22, 1-in. long; 
100-uyufd. mica condenser mounted in form and 
connected across winding. 

7-Mc. crystals — 6 turns No. 22, 54-in. long. 

Lz — 1.75- and 3.5-Mc. bands — 30 turns No. 20 enam., 

1)4-in. long. 

3.5- and 7-Mc. bands — 15 turns No. 18 enam., 
14-in. long. 

7- and 14-Mc. bands — 6 turns No. 18 enam., 
%-in. long. 

All above coils wound on Hammarlund 114-in. diame- 
ter coil forms. 

L3—1.75-Mc. band —32 turns No. 18 d.c.c., 34-in. long. 

3.5-Mc. band — 20 turns No. 12, 3-in. long, turns 
wound in successive grooves. 

7-Mc. band — 9 turns No. 12, 13-in. long, turns 
wound in successive grooves. 

14-Mc. band — 6 turns No. 12, 134-in. long, turns 
wound in alternate grooves. 

All above wound on National XR-10A 2)-in.- 
diameter coil forms. The form for the 1.75-Me. coil is 
covered with a sheet of cardboard before winding. 
Number of link turns should be adjusted for proper 
loading. 
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Fig. 1224 — There is plenty of room underneath the 3-inch, by 7-inch, by 
17-inch chassis of the 2-stage beam-tube transmitter for the filament trans- 


former and small components. 


to add or subtract a turn or two from Leso that 
the range will be centered to cover both. 

The amplifier is simply tuned to resonance 
with the proper coil for the desired output 
frequency in place by switching the meter to 





Fig. 1225 — This unit delivers 830, 1060 or 1250 volts at full-load 
current of 250 ma. Voltages are selected by taps on the secondary. 
Ripple is reduced to 0.25% and regulation checked at 10%. All high- 
voltage terminals, except those of the transformer secondary and tube 
caps, are underneath the chassis. The transformer terminal board is 
covered with a section of steel panel mounted on pillars at the four 
corners. Insulating caps are provided for the tube plate terminals. A 
Millen safety terminal protects the high-voltage connection. The 
chassis is 11 inches, by 17 inches, by 2 inches and the panel 101 inches, 
by 19 inches. 

The circuit for this supply is the same as that shown in Fig. 1246 with 
the following values: 

C; — 2 pfd., 1500-volt (Aerovox Hyvol). 

Co — 4 pufd., 1500-volt (Aerovox Hyvol). 

Li — Input choke, 5-25 hy., 300 ma., 90 ohms (UTC S34). 

Le — Smoothing choke, 15 hy., 300 ma., 90 ohms (UTC S33). 

R — 25,000 ohms, 100 watts. 

Tri — 1500-1250-1000 volts, r.m.s. each side of center, 300 ma. d.c. 
(UTC S47). 

Tre — 2.5 volts, 10 amp., 10,000-volt insulation (UTC S57). 
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read amplifier cathode cur- 
rent. The amplifier may then 
belink-coupledtoanantenna 
tuner, such as the one shown 
in Fig. 1226, and loaded in 
the usual way. As a matter 
of fact, itis preferable to tune 
the amplifier with the load 
connected, after one has be- 
come accustomed to the tun- 
ing procedure, so as to limit 
screen heating. 

Under normal conditions, 
the oscillator. cathode cur- 
rent will run between 35 and 
40 ma. when tuned to reso- 
nance in any band, while the 
cathode current of the am- 
plifier should be about 225 


ma. when fully loaded. This total cathode cur- 
rent will include screen current of about 30 ma. 
and grid current of about 20 ma. The oscillator 
screen voltage should be between 175 and 200 
volts, while the amplifier screen voltage will 


run about 240 volts with the am- 
plifier tuned and loaded. 

Power output of 130 to 150 watts 
should be obtainable on any of the 
four bands covered. 

If desired, the oscillator circuit 
may be arranged for v.f.o. input as 
shown in Fig. 1260. 

If the amplifier is to be plate- 
screen modulated, the input should 
be reduced to 1000 volts, 150 ma. 


® ANTENNA TUNER FOR 
MEDIDM-POWER 
AMPLIFIERS 


The antenna tuner shown in Fig. 
1226 will usually be satisfactory for 
amplifiers operating at plate volt- 
ages not in excess of 1250 volts. 

The two condensers are mounted 
from the panel by means of insu- 
lating pillars from National GS-1 
insulators fastened to the end plates 
with small sections of machine 
screws from which the heads have 
been cut. The variable-link coil is 
mounted between the two rear end 
plates. The size of the coil is varied 
by short-circuiting turns with the 
clips attached to the condensers 
with flexible leads. As the circuit 
of Fig. 1227 shows, the condensers 
are connected in parallel when the 
second pair of clips connects each 
rotor to the stator of the opposite 
condenser. The feeders are con- 
nected to the two large standoff in- 
sulators mounted on the panel. 


@ COMPLETE 200-WATT TRANS- 
MITTER OF TWO STAGES 
The units of Figs. 1221, 1225 and 1226 may 
be combined with that of Fig. 1236 to form a 
complete transmitter which will occupy a total 
height in a relay rack of 314% inches. Plate 


-voltage for the oscillator and screen and bias 


supply for the HY67 are obtained from the 


‘unit of Fig. 1236 (values for 300-volt output), 


which may be mounted on a 7-inch panel. 
1250 volts for the plate of the H Y67 is obtained 
from the unit shown in Fig. 1225. 


@A SIMPLE 200-WATT TRANSMITTER 
FOR THE 1.75- AND 3.5-MC. BANDS 
The transmitter shown in Figs. 1228, 1229 

and 12381 illustrates how construction may be 

simplified when operation in only one or two 
bands is required. In the circuit, shown in Fig. 

1230, a 6L6 Tri-tet oscillator is employed to 





Fig. 1226 — A link-coupled antenna-tuning unit for 
use with resonant feed systems and medium-power am- 
plifiers. The inductance, with variable link, is mounted 
on the condenser frames. Clips are provided for changing 
the number of turns, and for switching the condensers 
from series to parallel. The panel measures 514 by 19 
inches. 


drive a pair of 809s in pushpull. While the cir- 
cuit is designed primarily for 1.75- and 3.5-Mc. 
output with 1.75-Mc. crystals, 3.5-Mc. crystals 
may be used for 3.5-Me. output by closing S; 
which short-circuits the cathode tank coil. 
The two stages are coupled capacitively and, 
since no coil changing is required, all coils are 
permanently mounted. In the oscillator circuit, 
change from band to band is made by the con- 
denser C2 which has sufficient range to cover 
both bands with the same coil. In the amplifier 
circuit, portions of the plate tank coil are 
short-circuited with clip leads when operating 
at 3.5 Mc. Johnson clamp-type coil clips are 
used to mark the portions of the coil which are 
to be short-circuited and to provide good con- 
tacts to which the battery clips on the shorting 
leads may be attached without fussing. 
Parallel plate feed is used in the oscillator so 
that the amplifier grids may be series fed to 
eliminate the possibility of low-frequency 
parasitic oscillations with chokes in both grid 
and plate circuits. The fixed condenser, C9, is 
for the purpose of compensating for the output 
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Fig. 1227 — Circuit diagram of the antenna-tuning 
unit for medium-power transmitters. 


Ci, Ce aa upfd., 0.07-inch spacing (National TMC- 


Li — 22 turns No. 14, diameter 234 inches, length 4 
inches (Coto with variable link). 

Le — 4 turns rotating inside Li. 

M —R-f. ammeter, 0-2.5 for medium-power trans- 
mitters. 


capacity of the 6L6 to equalize excitation to 
the grids of the 809s. 

An antenna tuner is included in the unit. If 
parallel tuning is required, the free stator of 
C4 will be clipped to the free end of Z4 and the 
feeders connected one to each of the condenser 
stators. If series tuning is desired, the two 
stators are clipped together and one feeder 
clipped to the rotor and one to the coil, as 
indicated in the circuit diagram. Inductance is 
changed by the system of short-circuiting clips 
used in the final tank circuit. 

The switch, Se, enables the milliammeter to 
be shifted to read oscillator plate current, am- 
plifier grid current or amplifier plate current. 
To permit easy reading of the low currents in 
the oscillator-plate and amplifier-grid cir- 
cuits, a meter with a scale of 100 ma. is used. 
When the switch is turned to read amplifier 
plate current, a shunt, R7, is connected across 
the meter to multiply the scale reading by four 
times. This shunt is wound with No. 24 en- 
ameled wire. 

Power Supply — The oscillator requires a 
plate voltage of 450, while the amplifier oper- 
ates from a 1000-volt supply for full c.w. out- 
put. A 2214-volt ‘‘B” battery is required for 
fixed bias for the amplifier. The 450-volt unit 
shown in Fig. 1203 will be suitable for the os- 
cillator, while the supply pictured in Fig. 1225 
will furnish power for the amplifier. The 
1000-volt secondary taps should be used. 

Tuning — Plate voltage should not be ap- 
plied to the amplifier until the oscillator has 
been tuned and the amplifier neutralized. An 
active 1.75-Mc. crystal will oscillate with C2 
set at any position. Off resonance, the oscillator 
plate current should run in the neighborhood of 
100 ma. Two dips in plate current will be found 


‘over the range of the condenser. The one near 


maximum capacity indicates resonance at the 
crystal fundamental and the one near mini- 
mum capacity indicates the second harmonic 
of the crystal frequency. At minimum dip the 
plate current should run between 80 and 90 
ma. By switching the meter to the second posi- 
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Fig. 1229 — Rear view of the 200- 
watt, two-band transmitter. The an- 
tenna tank condenser to the left and 
the amplifier tank condenser to the 
right are mounted on metal brackets 
insulated from the chassis with pairs 
of National FWB polystyrene ter- 
minal strips at front and back. Strips 
of the same type are cut in half to 
form insulating bushings for the 
meter, which is mounted by its ter- 
minal studs. The neutralizing con- 
densers are between the 809s. The 
power plug to the left is for the fila- 
ment transformer underneath. The 
chassis is 7 inches, by 3 inches, by 17 
inches. 


tion, it will be found that readings of grid cur- 
rent are obtained at each of these resonance 
points. 

If a 3.5-Me. erystal is used, Si will be closed 
and only the one point of resonance will be 
found near minimum capacity. It will also be 
noticed that the circuit will oscillate only when 
the tank circuit is tuned near resonance and 
that a slight detuning toward the low-capacity 
side of C2 will be required for reliable keying. 

With C2 adjusted for maximum grid current 
at the fundamental, the amplifier should be 
neutralized by adjusting both neutralizing 
condensers in small steps, keeping their capac- 
ities equal at all times. A check on the neutral- 
izing adjustment may be made by any of the 
usual methods, such as test with a neon bulb 
touched to one end of the plate tank coil, 
which should not glow at any point in the range 
of the amplifier tank condenser, except possibly 
at minimum capacity. Another test is that of 
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Fig. 1228—A simple 200-watt 
transmitter for 160 and 80. The two 
large dials are for the amplifier and 
antenna tank circuits. The small con- 
trol at the lower center is for the os- 
cillator tank circuit, with the meter 
and cathode-circuit switches at either 
side. The short-circuiting clips for 
3.5-Mc. operation are in place. The 
panel measures 101% by 19 inches. 





observing the grid-current reading. When the 
amplifier is completely neutralized, swinging 
the amplifier tank condenser through its range 
should cause no change in grid current. When 
not neutralized, the grid current will show a 
sharp dip when the plate tank condenser is 
tuned through resonance. 

Plate voltage may now be applied to the 


_amplifier and the plate circuit tuned to reso- 


nance. It is advisable to make preliminary ad- 
justments at reduced plate voltage. Voltage 
may readily be reduced by connecting a 150- 
or 200-watt lamp in series with the primary 
winding of the plate transformer. Minimum 
amplifier plate current (with the meter in the 
third position) as the plate tank circuit is 
tuned will indicate resonance. The value of 
plate current at the minimum will depend 
somewhat upon the setting of the antenna 
tank condenser but, by keeping the antenna 
circuit tuned well away from resonance, a 
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Fig. 1230 — Circuit diagram of the 200-watt, two-band transmitter. 


Ci — 100 uufd., mica. 

Cs — 250 uxfd. variable (National 
STH-250). 

Cs, C4a—200 pyfd. per section. 


Cio, oe Cis, Cis, Cis — 0.01 


pid. 
MA — Projection-type milliamme- 
ter, 0-100-ma. -scale (Trip- 


” RFC; — 2.5-mh. r.f. choke. 


RFC2 — U.h.f. parasitic choke, 20 
turns No. 20, 14-inch diam- 


eter, closewound. 


0.07-inch spacing (Cardwell 


lett Model 324). 


RFC3 — 1-mh. r.f. choke, 300-ma., 


XT-210 PD) Ri — 50,000 ohms, 1-watt. (National R-300). 
Cs, Ce — Neutralizing condensers Re — 200 ohms, 2-watt. S: — S.p.s.t. toggle switch. 
(Millen 15003). Rz — 25,000 ohms, 10-watt. Se — 2-gang, 3-circuit high-voltage 


C7 — 500 pufd. mica. 
Cs — 0.001 ufd., mica, 5000 volts 


test. 
Co — 50 pufd., mica (see text). text). 
Li — 40 turns No. 24 d.s.c., 1-inch diam., close-wound. 
Le — 50 turns, 14-inch diam., 15-inch long (National 
AR-80-C, unmounted, no link, 2 turns removed 
from each end), 50 ubhy. inductance. 


Ra — 800 ohms, 10-watt. 
Rs, Re — 25 ohms, 1 
R7z — Meter-shunting resistance(see 


switch (Mallory 162C). 
T—Filament transformer, 6.3 
volts, 6 amp. (Kenyon 
1387). 
L3 — 54 turns No. 16, 24% inches diam., 414 inches long, 
tapped 10 turns from each end for 3.5 Me. 
(B & W) 160TA, unmounted, 80 uhy. in- 


ductance. 


-watt. 


L4 — Same as Lz, taps adjusted as required. 


reading of less than 50 ma. should be obtained. 

Tests should now be made to make certain 
that the oscillator will key satisfactorily. If the 
crystal does not pick up readily, a slight re- 
tuning of C2 should remedy the trouble. 

- Tuning the transmitter for 80-meter output 
is now a simple matter of tuning the oscillator 
to the resonance dip near the minimum of C2, 
placing the short-circuiting clips on L3 and 
tuning Cs for resonance. The shift from one 
band to another should take but a few seconds. 

The amplifier may be loaded until the total 
plate current reaches 200 ma. When loaded, the 
grid current should not fall below 60 ma. 

If the plate of one amplifier tube shows color, 
while the other remains cool, it is an indication 
that the excitation is unbalanced, which would 
call for an adjustment of C9. If the plate of the 
tube whose grid is connected to the same end 
of Le as the plate of the 6L6 shows color, the 
capacity of Cy should be increased, while color 
in the other amplifier tube would require a 
reduction in capacity. In any case, the value 
~ will not be critical within 10 or 20 uwufd. and the 


value of C9 specified should be satisfactory in 
most cases. 

Normal power output will be approximately 
150 watts on either band. 

If the amplifier is to be plate modulated, the 
plate voltage should be reduced to 750 volts 
when the output will be reduced to about 100 
watts. 

The oscillator circuit may be arranged for 
v.f.o. input as shown in Fig. 1260. 


© COMPLETE TWO-STAGE 200-WATT 
TRANSMITTER FOR THE 1.75- AND 
3.5-MC. BANDS 


The transmitter of Fig. 1228 may be com- 
bined with the power-supply units of Figs. 
1208 and 1225 in a complete unit with the addi- 


. tion of a 22.5-volt battery for bias. If the unit 


of Fig. 1203 and the bias battery are mounted 
behind a 7-inch panel, the total rack height 
required will be 28 inches. The unit of Fig. 
1203 supplies the oscillator, while the plate 
voltage from the amplifier may be obtained 
from the unit of Fig. 1225. 
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@A BAND-SWITCHING EXCITER 
WITH 807 OUTPUT 


The exciter or low-power transmitter pic- 
tured in Figs. 1232, 1234 and 1235 is designed 
for flexibility in being adaptable to all bands 
from 1.75 to 28 Mce., with crystals cut for dif- 
ferent bands, and also for quick band changing 
over three bands. It consists of a 6C5 triode 
oscillator followed by two triode doubler 
stages in one tube, a_6N7; by means of a 
switch, the output of any of the three stages 
can be connected to the grid of the final tube, 
an 807 beam tetrode. A band-switching plug-in 
coil assembly changes tank coils in the 807 
plate circuit. The circuit diagram is given in 
Fig. 1233. 

The oscillator, first and second doubler plate 
coils, Z1, Le and Lg respectively, need not be 
changed for crystals ground for a given band. 
The switching circuit is so arranged that the 
grids of unused stages are automatically dis- 
connected from the preceding stage and 
grounded so that excitation is not applied to 
the idle tubes. 

Capacity coupling between stages is used 
throughout. The plates of the first three stages 
are parallel-fed so that the plate tuning con- 


Fig. 1232 — An 807 exciter or low- 
power transmitter combining the 
flexibility of plug-in coils with the 
convenience of band-switching. Crys- 
tal switching and meter switching 
also are provided. 


Fig. 1231 — The os- 
cillator tank of the 
200-watt, two-band 
transmitter is  well- 
shielded from the am- 
plifier underneath the 
chassis. The tank coil, 
Le, is mounted on a 
pair of 14-inch stand- 
off insulators between 
the 809 sockets. Suffi- 
cient space is left be- 
tween the 6L6 and 
crystal sockets to al- 
low the oscillator tank 
condenser, C2, to be 
mounted at the center 
of the chassis on a pair 
of National FWB ter- 
minal strips as insula- 
tors. Li is just above 
the 6L6 socket. 


densers can be mounted directly on the metal 
chassis. The 6C5, 6N7 and the 807 screen all 
operate from a 250-volt supply. Series feed is 
used in the 807 plate circuit, the tank con- 
denser being of the type which is insulated 
from the chassis. Fixed bias of about 75 volts 
is used on the 807 grid. 

Sockets are provided for seven crystals, 
with a switch to select the desired frequency. 
Plate currents for all tubes and screen current 
for the 807 are read by a 200-ma. meter which 
can be switched to any circuit by means of S4. 

Keying is in the oscillator cathode circuit 
for break-in operation. Since in normal opera- 
tion the crystal tank circuit, Cy, is tuned well 
on the high-frequency side of resonance, there 
is a tendency for the first doubler section to 
break into a tuned-grid tuned-plate type of 
oscillation when the key is up; this is prevented 
by a small amount of inductive neutralization 
provided by the single-turn coils Zs and Leg, 
wound as closely as possible to the ground end 
of each tank coil. The 28-Mc. coil does not need 
such a neutralizing winding since it is used only 
in the second doubler stage. Zs and Leg should 
be connected in such a way as to prevent self- 
oscillation of the first 6N7 section when the key 
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Fig. 1233 — Circuit diagram of the 807 band-switching exciter. 


Ci, C2, Cs — 100-pufd. variable (National ST-100). 

C4 — 150-uufd. variable, 0.05” spacing (Hammarlund 
HFB-150-C). 

Cs, Ce, C7 — 0.002-ufd. mica, 500-volt. 

Cs, Co, Cio — 100-nufd. mica, 500-volt. 

Cu — 0.002-ufd. mica, 2500-volt. 

Cie—Ci7, inc. — 0.01-nfd. paper, 600-volt. 

Ri — 10,000 ohms, 14-watt. 

Re — 300 ohms, l-watt. 

Rs, Ra — 25,000 ohms, 14-watt. 

Rs—Ro, inc. — 25 ohms, 4-watt. 

RFC — 2.5-mh. r.f. choke. 

S1 — Ceramic wafer switch, 6 or more points. 

Se — Three-gang, three-position ceramic wafer switch 
(Yaxley 163C) 

Ss — Band-switch with coil mountings (Coto type 700). 

Ss — Two-gang, 6-position (5 used) ceramic wafer 
switch. 

M — 0-200 d.c. milliammeter, bakelite case. 


li, me L3 — 1.75 Me.: 50 turns No. 22 d.s.c. close-wound. 
3.5 Mc.: 26 turns No. 18; length 114 inches. 

7 Me.: 17 turns No. 18; length 14% inches. 

14 Mc.: 8 turns No. 18; length 144 inches. 

28 Mce.: 3 turns No. 18; length 1 inch. 

AJl on 14-inch diameter forms (Hammarlund 
SWF-4); turns spaced evenly to fill specified 
winding length. 

Ls — 1.75 Me. —- 50 turns, 114-in. diam., 234-in. long, 
52 uwhys. (Coto Coil CI6160E). 

3.5 Me. — 25 turns, 114-in. diam., 154-in. long, 16 
nhys. (Coto Coil CI680E). 

7 Mc. — 16 turns, 14-in. diam., 17%-in. long, 5.7 
liye. (Cote Coil CI640E). 

14 Mc. — 8 turns, 1)4-in. diam., 154-in. long, 1.5 
uhys. (Coto Coil CI620E). 

28 Mc. — 4 turns, 1-in. diam., 114-in. long, 0.7 
uhys. (Coto Coil CI610E). 

Ls, Le — One turn at bottom of Li and Lz. See text. 


See Figs. 1236 and 1238 for descriptions of 250- and 750-volt power supplies. Heater voltage and bias are obtained 


from the 250-volt supply. 


is open; the proper connections can be deter- 
mined by trial. 

The above-chassis layout is shown in top- 
view photograph, Fig. 1234. Along the back, 
from left to right, are the spare crystal socket, 
the 6C5 and the 6N7. Directly in front of them 
are the sockets for the three low-level plate 
coils, Ly, Le and L3. The sockets are mounted 
above the chassis on metal pillars. The three 
tuning condensers, Ci, Co and C3, are mounted 
in front of their associated coils, and are fas- 
tened directly to the chassis. The ‘‘hot”’ leads 
from the coils come down through grommetted 
holes in the chassis, underneath the sockets; 
grounds to the coils are made direct to the 
chassis, on top. 

In the amplifier section, the switch assembly 
is at the extreme right, with the 807 and tuning 
condenser, C4, just to its left. The switch as- 
sembly should be mounted far enough back of 
the panel so that the coils will clear the sides 
of the relay rack or cabinet; this clearance will 
depend upon the type of rack used. It is de- 
sirable, of course, to keep the leads between C4 
and the switch as short as possible, considering 
the clearances which must be observed. 

The chassis is 8 by 17 by 2 inches, the 2- 
inch depth being used so that the height of the 


unit will be within the 834-inch relay-rack 
panel size. 

In the bottom view, Fig. 1235, the meter 
switch with its shunting resistors is at the left, 
with the 807 plate by-pass condenser, C1, just 
above it. The stage switch, So, is in the center. 
R.f. leads to this switch should be kept sep- 
arated as much as the layout will permit. 
R.f. junction points are insulated by small 
ceramic pillars. In this view, the right-hand 
section of the 6N7 is the first doubler. The 
rotor contact of the section of So nearest the 
panel goes to the grid of the first doubler, the 
middle section to the second doubler grid, and 
the third section to the 807 grid. 

The multiple crystal mounting is a 3 by 
4¥%-inch aluminum plate fitted with Am- 
phenol crystal sockets, the assembly being 
mounted from the chassis by metal pillars. 
Six crystals may be mounted permanently 


here; the seventh socket is on top of the chas- 


sis for spare crystals or for bringing in excita- 
tion from an e.c.o. The crystal switch is in the 
lower right corner. 

The 750-volt lead is brought in through a 
Millen safety terminal on the rear edge of the 
chassis. All other power connections come to 
a Millen five-terminal strip with barriers be- 
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tween terminals to prevent accidental contact. 
All grounds are made directly to the chassis. 

The low-voltage power supply should de- 
liver 250 volts at approximately 75 ma., and 
the high-voltage supply 750 volts at 100 ma. 
A combination supply providing heater voltage 
and bias, as well as 250 volts for this unit, will 
be found in Fig. 1236. 

Fig. 1238 shows a suitable 750-volt unit. In 
this case, the 6.3-volt filament transformer is 
omitted. If desired, both these power units 
may be assembled on one large chassis. 

Tuning — To operate the exciter, coils for 
consecutively higher-frequency bands are 
plugged in at Ly, LZ. and L3; only five are neces- 
sary for operation with any crystals from 1.75 
to 7 Me. and for output from 1.75 to 28 Mc. 
For example, with 3.5-Mc. crystals, the 3.5-, 7- 
and 14-Me. coils would be plugged in at Li, 
Le and Lz respectively. For 1.75-Mce. crystals, 
the 1.75-, 3.5- and 7-Mce. coils would be used, 
and so on. The plate coils for the 807 circuit 
should cover the same three bands as the low- 
level coils. 

Preliminary tuning should be done with the 
plate voltage for the 807 disconnected. Set Se 
so that all tubes are in use. Switch the milliam- 
meter to the oscillator circuit and close the key. 
Rotate C; for the dip in plate current which 
indicates oscillation. The non-oscillating plate 
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Fig. 1234 — Top view of the band- 
switching exciter, with coils removed. 
All tank circuit wiring is above the 
chassis. Insulated leads connect the 
first two sockets to complete the 
neutralizing circuit described in the 
text. 


current should be between 20 and 25 ma., 
dropping to 15 or 20 when oscillating. Switch 
the meter to the doubler plate and adjust C2 
to minimum plate current, or resonance. The 
off-resonance plate current should be about 30 
ma. or more and the reading should be between 
10 and 15 at resonance. Check the second 
doubler plate current and tuning similarly; 
the off-resonance plate current should again 
be around 30 ma., dropping to 15 or 20 at 
resonance. At this point the 807 screen current 
should be measured; with too much excitation 
it will be considerably higher than the rated 
value (about 12 ma.) and the excitation should 
not be kept on for more than a second or two. 

Next, the plate voltage may be applied to 
the 807. The amplifier should not be operated 
without load for more than a few moments at a 
time, because under these conditions the screen 
dissipation is excessive. Use a 70-ohm dummy 
antenna or 60 watt lamp connected to the 
output link. The three bands may be checked 
in order by appropriate switching of Se and 
S3. With the 807 fully loaded, check the screen 
current to make sure it does not. exceed 10 or 
12 ma. If it is too high, reduce the excitation 
by detuning the crystal oscillator until it 
reaches the proper value. The 807 grid current 
may be measured with a lower-range milliam- 
meter connected in series with the bias source, 


Fig. 1235 — Bottom 
view of the band-switch- 
ing exciter, showing the 
multiple crystal mounting 
and switching circuits. 


if desired. Maximum output will be secured 
with a grid current of about 3 or 4 milli- 
amperes, a value which also will give about 
rated screen current. The screen current, in 
fact, is a very good indicator of excitation. 
The 807 should show no tendency to oscillate 
by itself when the key is open. 

The current to each section of the 6N7 
should be 20 ma. with the key open (no exci- 
tation). If the two currents are not the same or 
show changes with tuning of Ce and Cy, with 
key open, the first doubler may be acting as a 
t.p.t.g. oscillator as previously mentioned, and 
the neutralizing circuit should be checked. Do 
not use more than 250 volts for the low-voltage 
supply, as higher values will cause excessive 
807 screen dissipation. Care also should be 
taken to avoid excessive excitation for the 
same reason. In normal operation, with Cy 
detuned to reduce excitation to the proper 
value, the doubler plate currents will show 
little change between resonance and off- 
resonance tuning. 

With maximum input to the 807 plate (75 
watts) the output is approximately 50 watts on 
all bands except 28 Mc., where greater circuit 
losses decrease it to about 40 watts. The ex- 
citation is more than ample on all bands. 

The oscillator circuit may be arranged for 
v.f.o. input as shown in Fig. 1259. 


® COMBINATION LOW-VOLTAGE 
PLATE OR SCREEN SUPPLY AND 
FIXED-BIAS PACK 


Fig. 1236 illustrates a:combination pack 
which will deliver 250 or 300 volts, 75 ma., for 
supplying plate voltage for receiving-tube ex- 
citer stages as well as screen and fixed-bias for 
a beam-tube driver stage. 

The circuit diagram is shown in Fig. 1237-A. 
In addition to the usual full-wave rectifier cir- 
cuit, a half-wave rectifier is also connected 
across one half of the transformer in reverse 
direction to provide a biasing voltage which 
is held constant at 75 volts by the VR75 regu- 
lator tube. The regulator tube will pass a grid 
current of 25 ma. without overload. The 1V 
rectifier is indirectly heated so that it may be 
operated from the 6.3-volt winding supplying 
the r.f. tubes. 

The output voltage at about 75 ma. may be 
increased from 250 to 300 by the addition of 
the input condenser, C4, whose connections are 
shown in dotted lines. 

If the bias section is not needed, the plate or 
screen voltage may be obtained with the sim- 
plified circuit shown in Fig. 1237-B. 


© COMPLETE 75-WATT MULTIBAND 
TRANSMITTER 


If it is desired to use the exciter unit shown 
in Fig. 1232 as a complete transmitter feeding 


i Criithencdion 





Fig. 1236 — A combination power-supply unit de- 
livering 250 or 300 volts for exciter plate supply and 75 
volts fixed bias. The unit is designed especially to work 
with the bandswitching exciter of Fig. 1232 and the 
transmitter of Fig. 1221. If desired, the components 
may be combined with high-voltage plate-supply com- 
ponents on a single chassis. The circuit diagram is shown 
in Fig. 1237. 


the antenna, it may be combined with the 
power-supply units of Figs. 1286 and 1238 and 
the antenna tuner of Fig. 1216 (large condens- 
ers). The unit of Fig. 1236 will supply plate 
voltage for the oscillator and doubler stages as 
well as screen and bias voltages for the 807. 
Filament supply is also obtainable from this 
unit. Plate voltage for the 807 is furnished by. 
the unit of Fig. 1238. The combined height of 
all units (assuming the unit of Fig. 1236 to be 
mounted on a 7-inch panel) will be 2934 
inches. The filament transformer shown in the 
diagram of Fig. 1239 will not be required. 


@A 450-W ATT [BAND-SWITCHING 
PUSH-PULL AMPLIFIER 


The photographs of Figs. 1240, 1241, 1243 
and 1244 illustrate a 450-watt push-pull band- 
switching amplifier capable of handling a 
power input of 450 watts at 1500 volts for c.w. 
operation or 375 watts with plate modulation. 
While the type T55 is shown, any of the tubes 
of the 1000- or 1500-volt class, such as the 809, 
T40, HY40, RK35, UH50, 808, 812, RK51 or 
35T, may be used in a similar arrangement. 

The circuit is shown in Fig. 1042. Band- 
switching is accomplished by short-circuiting 
turns of both plate and grid coils by means of 
tap switches. Any three adjacent bands may 
be covered in this manner. By plugging in an- — 
other pair of coils, a second set of three adja- 
cent bands may be covered. Thus, the 1.75-, 
3.5- and 7-Mc. bands may be covered with one 
pair of coils, the 3.5-, 7- and 14-Mc. bands 
with another pair and the 7-, 14- and 28-Mc. 
bands with a third pair. 
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Fig. 1237 — Circuit diagram of the combination plate, 

screen and bias supply pictured in Fig. 1236. 

Ci, C2 — Sections of 8-yfd. dual electrolytic, 450 volts 
working. 

Cs — 8 pfd., 450 volts working, paper. 

Ca — Same as C3, used only for 300-volt output. 

Li, Le — 6 hy., 80-ma., 138 ohms (Thordarson T-57C51). 

Ri — 20,000 ohms, 10-watt. 

Re — 20,000 ohms, 2-watt. 

Rs — 25,000 ohms, 2-watt. 

Ra — 15,000 ohms, 2-watt. 

*T — 300 volts, r.m.s., each side of center, 90 ma., 5 
volts, 3 amp., 6.3 volts, 3.5 amp. (Thordarson 
T-13R13). 

If desired, the bias branch may be omitted as shown 
at B. Values are the same as above. 


A plug-in fixed air condenser is required for 
the plate circuit for-the 1.75-Mc. band. The 
plug-in jack base is mounted under the chassis 
and is wired to the lowest-frequency switch 
points so that the condenser is automatically 
connected across the coil when the switch is 
turned for the 1.75-c. band. When the coil 
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covering this band is not used, the 
fixed condenser should be removed, or 
it may be omitted entirely, if opera- 
tion in this band is not desired. The 
grid circuit likewise requires padding 
at 1.75 Mc., but here a 15-uyfd. con- 
denser may be connected permanently 
across the fourth set of switch con- 
tacts which are not used for other 
bands. C9-L3 and Cjo-L,4 are parasitic 
traps to eliminate ultra-high-fre- 
quency parasitic oscillation. Fixed- 
link coupling is used at the input, with 
variable-link coupling in the output. 

Construction — The plate tank- 
circuit components are grouped at the 
left-hand end of the chassis. The tank- 
coil jack bar is mounted on a pair of 
metal supports 2% inches high so that 
the variable-link control shaft will 
clear the Ohmite switches by a half- 
inch or so. The switch units are 
mounted on l-inch cone insulators 
after their mounting brackets have 
been revamped to bring the shafts 114 
inches above the chassis. The two switch units 
are spaced on the chassis so as to be central 
with the connections on the coil jack bar. The 
shafts are coupled together with a section of 34- 
inch bakelite rod with brass reducing couplings 
at each end. Each end of the bakelite section 
should be flattened slightly so that the cou- 
pling set screw will not slip. The two feed- 
through insulators at the edge of the chassis 
are mounted near the switch and are for the 
connections between the switch units and the 
padder-condenser jack base under the chassis. 
The plate tank condenser is mounted on 
14-inch cone insulators just to the right of the 
tank coil. The plate r.f. choke and a feed- 
through insulator for the high-voltage lead are 
placed beneath the coil mounting. The by-pass 
Cs is fastened by heavy wire leads between the 
grounded front coil bracket and the tank-con- 
denser rotor connection. 


HL. 


Fig. 1238 — This supply delivers 
either 620 or 780 volts at a full-load 
current of 260 ma. with 0.4% ripple 
and regulation of 22%. Voltage is 
changed by a tap on the plate-trans- 
former primary winding. All exposed 
component terminals are underneath 
the chassis. The panel is 834 inches, 
by 19 inches, by 3 inches. A 6.3-volt 
transformer is included for heating 
filaments of r.f. tubes. It is mounted 
underneath the chassis and its output 
terminals are brought out to a 115- 
volt receptacle in the rear. The circuit 
diagram is shown in Fig. 1239 


On the right side of the chassis the grid tank- 
circuit components are grouped. The tank 
condenser, is mounted on 114-in. cone insula- 
tors to bring its shaft level with that of the 
plate tank condenser and placed on the 
chassis so that the two shafts will come at 
equal distances from the ends of the chassis. 
Similarly, the grid switch is mounted on a 1-in. 
cone insulator after a metal bracket has been 
fashioned to bring the shaft 214 inches above 
the chassis. It is placed with its shaft and the 
shaft of the plate switch at equal distances 
from the chassis edges. The grid tank coil is 
mounted on a sheet of metal 4 inches by 5 
inches, elevated above the switch by four 
metal pillars 4 inches high. The grid-circuit r.f. 
choke and a feed-through point for the biasing 
voltage are between the tank coil and condenser. 

The tubes and neutralizing condensers are 
placed symmetrically between the two tank 
circuits. A half-inch hole, lined with a rubber 
grommet, is drilled under each tube socket for 
the filament leads. 

Coils — The plate-tank coils listed under the 
circuit diagram are of a special series designed 
primarily for use with a multi-section tank con- 
denser. They are provided with four extra 
plugs which are used, in this case, for the short- 
circuiting taps. The coil covering 7, 14 and 28 
Me. requires slight alteration, however. Two 
turns on each side of center are cut free from 


the supporting strips and left self-supporting, ° 


otherwise the coil heat usually developed at 28 
Me. may be sufficient to ruin the base strip. 





Fig. 1240 — The panel of the band-switching amplifier is 1014 inches by 19 
inches. The dials control the plate- and grid-tank condensers. The uppermost 
of the two small knobs to the left is for adjusting the variable link-output 
coupling, while the lower one is for the plate band switch. The grid band 


switch knob is to the right, 
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Fig. 1239— Circuit diagram of the power-supply 

unit shown in Fig. 1238. 

C; — 2 ufd., 1000 volts (Sprague 0T21). 

Cz — 4 ufd., 1000 volts (Sprague 0T41). 

Li — Input choke, 6-19 hy., 300 ma., 125 ohms (Ken- 
yon T-510). 

Le— Smoothing choke, 11 hy., 300 ma., 125 ohms 
(Kenyon T-166). 

R — 20,000 ohms, 50 watts. 

T — Type 866 jr. rectifier. 

Tri — 925 or 740 volts, r.n.s. each side of center, 
300 ma. d.c. (Kenyon T-656). 

Tre — 2.5 volts, 10 amp., 2000-volt insulation (Kenyon 
T-352). 

Tr3 — 6.3-volts, 3 amp. for use with the exciter of 
Fig. 1265. 


At the same time, these two turns on each side 
should be reduced in diameter to 1% inch. This 
may be done quite readily by unsoldering the 
central ends, twisting the turns to the smaller 
diameter and cutting off the excess wire. While 
the lower-frequency taps may be soldered, it is 
advisable to use clamps on the wire for the 
28-Me. taps. Johnson coil clips are just 
right for the purpose. 

Since grid coils are unob- 
tainable with sufficient pins in 
the mounting, the taps for the 
grid coils are brought out to 
a 5-prong Millen coil-mount- 
ing bar (Type 40205). A plug- 
in socket for the bar is sub- 
mounted in back of the coil 
socket. 

Wiring — All of the wiring, 
excepting the power wiring 
underneath the chassis is done 
with No. 14 tinned bus wire. 
In all possible cases, connec- 
tions are made with short 
straight sections of wire run- 
ning directly from point to 
point. Of importance are the 
leads to the tube grids and 
plates. The leads to the tank 
condensers and those to the 
neutralizing condensers are 
kept entirely separate; at no 
point are these leads common. 
This practice helps in the pre- 
vention of parasitic oscilla- 
tions. The grid by-pass con- 
denser is mounted close to the 
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+ HV. 
Fig. 1242 — Circuit diagram of the 450-watt band 
switching amplifier. 

Ci— 100 pyfd. per section, 0.07-in. plate spacing 
(Hammarlund HFBD-100-E). 

C2—150 yuufd., plate spacing 0.05-in. (Hammarlund 
HFB-150-C). 

C3 — 50-uufd. fixed air padder for 1.75 Mc., spacing 
0.17 in. or greater (see text) (Cardwell JCO- 
50-OS). 

C4 — 15-pyufd. padder for 1.75 Mc., 0.05-in. spacing 
(see text) (Hammarlund HFA-15-E). 

Cs — 0.001 -ufd. mica, 7500-volt (Aerovox 1623). 

Ce — 0.01-ufd. paper. 

C7, Cs — Neutralizing condenser (National NC800). 

Co, Cio — Isolantite mica adjustable trimmer, 20-100 
upfd. (Mallory CTX954). 

C11, Cig — 0.01-pfd. paper. 

RFC; — 1-mh. r.f. choke, 600-ma. (National R154). 

SW1 — Ganged sections of Ohmite ham-band switch 
(3-position). 

SW: — Ganged sections of Mallory ham-band switch 
(4-position) (type 162C). 
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Fig. 1241 — Rear view of 
the band-switching amplifier. 
Link input and output termi- 
nals are at the left and right- 
hand ends of the chassis 
respectively. The parasitic 
traps are self-supporting be- 
tween the _ grid-tank-con- 
denser terminals and the grid 
terminals of the tubes. The 
controls of both tank con- 
densers must be well-insulated 
from the shafts. 


Ti —7.5-volt, 6-amp. filament 
transformer (Thordarson 
T19F94). 


Li— For 1.75-, 3.5- and 7-Me. 
bands — 60 turns No. 16, 
53%-in. long, 214-in. diam., 
tapped at the 7th and 16th 
turn each side of center (B 
& W TVH-160) (90 uhy., 
tapped each side of center 
at 7/30 and 8/15 of total 
number of turns in each 


half). 

For 3.5-, 7- and 14-Mc. bands 
— 38 turns No. 14 54-in. 
long, 2)4-in. diam., tapped 
at the 4th and 9th turn each 
side of center (B & W TVH- 
80) (85 uhy., tapped each 
side of center at 2/19 and 
9/38 of total number of 
turns in each half). 

For 7-, 14- and 28-Mce. bands 
— 24 turns No. 12 54-in. 
long, 214-in. diam., tapped 

at 2nd and 5th turns each side of center (see 
text for alterations) (B & W TVH-40) 13 uby., 
tapped each side of center at approx. 4% and 
51% of total number of turns in each half. (See 
text on adjustment.) 

Le — For 1.75-, 3.5- and 7-Mc. bands — 52 turns, 2-in. 

long, 144-in. diam., tapped at 9th and 17th 
turns each side of center. (Coto CS160C) (56 
uhy. tapped each side of center at 9/26 and 
17/26 of total number of turns in each half). 

For 3.5-, 7- and 14-Me. bands — 26 turns, 1)4-in. 
long, 114-in. diam., tapped at 5th and 9th turns 
from each side of center. (Coto CS80C) (17 
uhy., tapped each side of center at 5/13 and 
9/13 of total number of turns in each half). 

For 7-, 14- and 28-Mc. bands — 16 turns 17-in. 
long, 1)4-in. diam., tapped at Ist and 3rd turns 
each side of center. (Coto CS40C) (5 uhy., 
tapped each side of center at { and 8 of total 
number of turns in each half), 

Ls, ec arti turns No. 12, 14-in. inside diam., 1)4-in. 

long. 


— BIAS 


grid-coil socket. Millen safety 
terminals are used for the 
bias and high voltage. 

Power Supply — The 7.5- 
volt filament transformer is 
mounted underneath the 
chassis, so that only plate and 
biasing voltages need be ob- 
tained externally. A suitable 
1500-volt plate-power unit is 
shown in Fig. 1245 with the 
circuit diagram in Fig. 1246. 
The circuit diagram of a 
simple bias pack for the am- 
plifier is shown in Fig. 1247. 
For this use, the VR75 regu- 
lator tube and the resistance, 
Ri, are omitted. Re and, R3 
should be approximately 
4000 ohms each for T55s. 
The two power units may be 
combined on a single chassis, 
if so desired. 

Fig. 1242 shows how milli- 
ammeters should be con- 
nected for reading grid and plate currents. 
These are not included in the unit, but may be 
mounted in a separate meter panel constructed 
as shown in Fig. 1294. The grid-current meter 
should have a scale of 100 ma., while the plate- 
current meter should have a scale of 500 ma. 

Tuning — Any one of ther.f. units shown in 
Figs. 1232, 1265 or 1275 will furnish sufficient 
excitation for this amplifier, the bandswitching 
unit of Fig. 1232 being an excellent companion 
unit. 

Before excitation is applied, the two con- 
densers C’y and Cio should be set at maximum 
capacity. With excitation applied and plate 
voltage off, grid current to the amplifier should 
run between 60 and 90 ma. Make certain that 
the coil switches are set at the appropriate 
points. The amplifier may be neutralized, us- 
ing the grid meter as an indicator. 


Fig. 1244 — The chassis for the band- 
switching amplifier is 10 inches by 17 
inches by 3 inches. The plug-in air 
padding condenser for 1.75 Me. is 
spaced with equal distance between top 
and bottom of the chassis. Filament by- 
pass condensers are soldered to the 
terminals of the fibre lug strip to which 
the filament transformer terminals 
are anchored. 
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Fig. 1243 — Grid-circuit end of band-switching push-pull amplifier showing 
switching arrangement and the 1.75-Mc. padder. 


The amplifier should now be tested for 
parasitic oscillation. The bias should be re- 
duced to a point which will allow a plate cur- 
rent of 100 ma. or so to flow without excitation. 
This may be done by moving the biasing tap 
of the amplifier down toward the positive 
terminal of the bias supply. It is advisable to 
lower plate voltage for this test by inserting a 
resistance of about 2500 ohms in series with 
the plate voltage or inserting a 200-watt lamp 
in series with the primary winding of the plate 
transformer. The grid tank condensers should 
be set at various points while the plate tank 
condenser is swung through its range. The 
plate current should remain perfectly station- 
ary. If a point is found where a sudden change 
in plate current takes place, Cy and Cio should 
be adjusted, bit by bit, until the variation in 
plate current disappears. Cy and Co should be 
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set as close to maximum capacity as possible 
and yet eliminate the parasitic. 

Normal biasing voltage may now be replaced 
and the amplifier tuned up and loaded. For 
c.w. operation, the output should exceed 300 
watts when operated at the maximum rated 
input of 1500 volts, 300 ma. With plate modu- 
lation, the plate current should be reduced to 
250 ma. and the output should exceed 250 
watts. The amplifier will operate satisfactorily 
with grid current of 40 to 70 ma. with the 
amplifier loaded. The maximum rating of 80 
ma. for the two tubes should not be exceeded. 
Reference should be made to the tube tables 
of Chapter Twenty for operation of other tubes. 


@A SIMPLE COMBINATION BIAS 
SUPPLY 


Fig. 1248 shows the circuit diagram of the 
simple transformerless bias unit, pictured in 
Fig. 1247, which will supply cutoff bias volt- 
ages up to 100 volts or so. Through grid-leak 
action, it will also provide the operating bias 
voltage required when the resistor values are 


Fig. 1246 — Circuit diagram of the Tt 
1500-volt, 425-ma. plate supply for 
the bandswitching amplifier. 

Ci, C2 — 4 pfds., 2000 v. (C-D type 
TJU20040). 

Li — 5-20 hys., 500 ma., 75 ohms 
(Stancor C1405). 

Lz—8 hys., 500 ma., 75 ohms 
(Stancor C1415). 

R — 20,000 ohms, 150 watts. 

Tri — 1820-1520 v. r.m.s. each side 
center, 500 ma. d.c. (Stancor 
type P6157). 

Tre — 2.5 v., 10 a., 10,000 v. insula - 
tion (Stancor type P3025). 


1 


L 
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Fig. 1245 — This unit de- 
livers 1500 or 1250 volts at 
full-load current of 425 ma., 
with 0.25% ripple and regula- 
tion of 10%. Voltages are 
selected by taps on the sec- 
ondary. The secondary termi- 
nal board is covered with a 
section of steel panel sup- 
ported by brackets fastened 
underneath the core clamps 
and insulating caps are pro- 
vided for the tube plate 
terminals. A special safety 
terminal (Millen) is used for 
the positive high-voltage con- 
nection. The panel is 10% 
in. by 19 in. and the chassis 13 
in. by 17 in. by 2 in. The 
circuit diagram is shown in 
Fig. 1246. 


correctly proportioned. The circuit also in- 
cludes a second branch consisting of R; and a 
VR75 voltage-regulator tube. This branch may 
not be required in all cases, but will be found 
convenient in many applications for provid- 
ing fixed cutoff or protective bias for a low- 
power stage independent of the main output 


_ voltage. 


Adjustment — The resistances Re and Rs 
are combined in a single resistor with two slid- 
ing taps. One of these taps alters the total 
resistance by short-circuiting a portion of the 
resistance at the negative end, while the other 
adjusts the cutoff voltage. The method of de- 
termining the values of resistance in each sec- 
tion is as follows: 

The section Rz is adjusted to equal the rec- 
ommended grid-leak resistance for the tube or 
tubes in use. The value of resistance between 
the biasing tap and the short-circuiting tap is 
determined by the following formula: 


160 — Eo 
R3 = <a Re, 





This is also the circuit for the 1250-volt supply shown in Fig, 1225 and the 2500-volt supply shown in Fig, 1285 
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Fig. 1247 — A transformerless combination bias sup- 
ply suitable for supplying bias for r.f. stages requiring 
125 volts or less for cut off. A second branch, controlled 
by a VR75 regulator tube, provides 75 volts fixed bias 
for a second stage whose grid current does not exceed 
20 ma. The unit above is constructed on a 7-inch by 
7-inch chassis, although the components may easily be 
fitted into spare space on another power-supply chassis. 
The regulated branch may be omitted when not re- 
quired. The circuit diagram is shown in Fig. 1248. 


where Eo is the voltage required for plate- 
current cutoff. This may be determined to a 
close approximation for triodes by dividing the 
plate voltage by the amplification factor of the 
tube. No extra leak should be used in the stage 
being supplied by the pack. 

The resistance in each section should be first 
set at the values determined by the formula. 
The biased amplifier should then be turned on 
without excitation. If the plate current is not 
cut off, or cut to a safe value, the biasing tap 
should be moved upward in the negative direc- 
tion. With the amplifier in operation with 
rated grid current, the biasing voltage should 
be measured. If it is higher than that recom- 
mended in the tube operating tables, both the 
biasing tap and the short-circuiting tap on the 
upper section should be moved bit by bit to- 
ward the positive end until the correct operat- 
ing bias is obtained. A final adjustment may 
now be necessary to again arrive at a cutoff 
voltage without excitation. 

Fig. 1247 shows the components assembled 
on a small chassis. They may, however, be 
combined with plate-supply components on a 


Fig. 1248 — Circuit diagram of the 
transformerless combination _ bias 
supply shown in Fig. 1247. 

Ci, Co—16 pfd., 450-volt elec- 
trolytic, tubular paper. 

L — 60-ma. replacement filter choke. 

Ri — 7500 ohms, 10 watts. 

Ra plus Rs — 15,000 ohms, 50-watt 
with 2 sliders. 

See text for adjustment. 
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single chassis, since little additional space is 
required. 

It will be noticed that only one wire is shown 
connected to the power plug in the circuit dia- 
gram. The return circuit is made through an 
actual ground connection to the chassis to pre- 
vent possible short-circuit of the 115-volt line 
should the power plug happen to be incorrectly 
polarized. 


® WIDE-RANGE ANTENNA COUPLER 


The photograph of Fig. 1249 shows the con- 
struction of a wide-range antenna coupler. A 
separate coil is used for each band and the 
desired connections for series or parallel tuning 
with high or low C or for low-impedance output 
with high or low C are automatically made 
when the coil is plugged in. Coil connections 
to the pins for various arrangements are shown 
in Fig. 1250. 

The condenser specified with a set of regular 
coils should cover practically all coupling 
conditions likely to be encountered. Because 
the switching of connections requires the use of 
the central pin, a slight alteration in the B & W 
unit is required. The link mounting is removed 
from the jack bar and an extra jack is placed in 
the central hole. The link assembly is then 
mounted on a 2-inch cone insulator to one side 
of the jack bar. On each coil, the central nut 
is removed and a Johnson tapped plug, similar 
to those furnished with the coils, is substituted. 
An extension shaft is fitted on the link shaft 
and a control is brought out to the panel. 

The tank condenser is mounted with angle 
brackets on four l-inch cone insulators and 
an insulated coupling provided for the shaft. 

If desired, the coils may be wound with 
fixed links on transmitting ceramic forms. 
The links will have to be provided with flexible 
leads to be plugged into a pair of jack-top 
insulators mounted near the coil jack strip 
unless a special mounting is made providing for 
seven connections. 

After the inductance required for each of the 
various bands has been determined experi- 
mentally, the connections to the coils can be 
made permanent and then it is merely a matter 
of plugging in the right coil for each band and 
tuning the condenser for resonance and adjust- 
ing the link for loading. 

The unit should be satisfactory for trans- 
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mitters operating at a plate voltage of not 
more than 1500 with modulation. For higher 
voltages, a condenser with larger spacing 
should be used. 


© COMPLETE 450-WATT BANDSWITCH- 
ING TRANSMITTER 


The various units shown in Figs. 1232 to 
1250 have been described in sequence because 
they may be placed in a relay rack to form a 
complete high-power bandswitching trans- 
mitter. 

Heater, low-voltage-plate and 807 screen- 





voltage supply for the exciter may be obtained 
from the simplified 250-volt pack of Fig. 
1237-B, while plate voltage for the 807 is 
furnished by the unit shown in Fig. 1238. Bias 
voltages for both amplifier and exciter are ob- 
tainable from the unit of Fig. 1247, while 
amplifier plate voltage is furnished by the unit 


Feeders Feeders 
Final 
Tank 
Feeders Feeders 
Final 
Tank 
C 
Feeders Feeders 
Final 
Tank 
E 
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of Fig. 1245. The units of Figs. 1287-B and 
1247 may be combined in a single unit with a 
7-inch panel. The addition of a 514-inch panel 
for the amplifier grid and plate meters and the 
antenna tuner of Fig. 1249 completes the trans- 
mitter. 

The most logical arrangement for the units, 
from top to bottom, is as follows: (1) antenna 
tuner, (2) final amplifier, (3) meter panel, (4) 
exciter, (5) low-voltage and bias supplies, (6) 
750-volt supply, (7) high-voltage supply. 
The combined height of these units is 5914 
inches. 


Fig. 1249 — Wide-range antenna 
coupler. The unit is mounted on a 
chassis 10 in. by 17 in. by 2 in. with a 
panel 834 in. by 19 in. The condenser 
is a split-stator unit having a capacity 
of 200 ypuxfds. per section. 0.07-in. 
plate spacing (Johnson 200ED30). 
The coils are the B & W TVL series. 


The r.f. ammeter has a 4-amp. scale. 


Information on a control circuit for such a 
transmitter will be found in Fig. 1296. 


@A VARIABLE-FREQUENCY EXCITER 


The photographs of Figs. 1251, 1253 and 
1255 illustrate the construction of a variable- 
frequency unit which is designed to take the 


Final — 
Tank. 


* Fig. 1250 — Circuit diagram of the 
wide-range antenna coupler for use 


with bandswitching amplifier. A 
Parallel tuning, low 

tuning, high 

low 

, E — Parallel tank, 
Final output, low 


Tank. 


of the antenna connected at “X.” 


Final 
Tank 


C. B — Parallel 
C. GC — Series tuning, 
C. D — Series tuning, high C. 
low-impedance 
C. F — Parallel tank, 
low-impedance output, high C. For 
single-wire matched-impedance feed- 
ers, the arrangements of E or F would 
be used with a single tap instead of 
the double tap shown. For simple 
voltage-fed antennas, the arrange- 
ment of A would be used with the end 


place of the crystal as a frequency control in 
most of the common forms of erystal-oscillator 
circuits. The power output of the unit is ap- 
proximately one and one-half watts, which is 
sufficient for this purpose, or for driving an 
807. By means of plug-in coils, output at any 
frequency in the 1.75-, 3.5-, or 7-Mc. bands 
may be obtained. 

Referring to the circuit diagram of Fig. 1252, 
a 6F'6 is used in the e.c.o. circuit. Since the buf- 
fer stage provides adequate isolation, the use 
of a well-screened tube in the oscillator circuit 
is not a requirement. The cathode is con- 
nected to a feedback winding, Le, rather than 
to a direct tap on Li, to make adjustment of 
feedback less difficult. A high-C tank circuit 
is obtained by the fixed padders, Ci and Co, 
which are of the zero-drift type. Bandspread 
tuning is obtained by the split-stator con- 
denser, C3. 

When coils 7 and 1A (see coil charts) are 
plugged in, the two sections of C3 are con- 
nected in parallel and the output-frequency 
spread is 1750 to 2050 ke. to cover the 1.75-Mc. 
band or, through a doubler, the 3.5-Me. band. 
Similarly, with coils 2 and 2A, the sections are 
in parallel and the output-frequency spread is 
from 3500 to 4000 kc. to cover the 3.5-Mce. 
band. 

When coils 1B and 1AB are plugged in, the 
sections of C3 are in series and the output-fre- 
quency range is 1750 to 1825 ke. for obtaining, 
through doublers, the frequency ranges of 
7000 to 7300 and 14,000 to 14,400 ke. Sim- 
ilarly, when coils 2B and 2AB are plugged in, 
the output-frequency range is 3500 to 3650 
ke. for obtaining, through doublers, the same 
frequency ranges of 7000 to 7300 and 14,000 


' to 14,400 ke. The sections of C3 are also in 


series when coils 3 and 3A are plugged in and 
the cutput-frequency range is 7000 to 7300 ke. 
for covering the 7-Mc. band and, through a 
doubler, the 14-Mc. band. 

When coils 3B and 3AB are plugged in, only 
one section of C3 is in use and the output-fre- 
quency range of 7000 to 7500 kc. is useful in 
obtaining, through doublers, the range of 
28,000 to 30,000 ke. 

Proper connections to C3 are made auto- 
matically when each oscillator coil is plugged 
in, as shown in Fig. 1254. 

Choke coupling is used between the oscil- 
lator and the 6L6 isolating stage. This stage is 
operated very close to Class-A conditions and 
is tuned to the second harmonic of the oscil- 


lator frequency. Thus, the oscillator operates © 


at half the desired output frequency. The type 
6L6 is used to take care of the unusually-high 
dissipation necessary in this type of operation. 
The tuning of the output circuit is ganged 
with that of the oscillator. Tracking taps on 
Ls are required only for spreading the higher- 
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Fig. 1251— The variable-frequency exciter is en- 
closed in an 8-by-8-by-10-inch Parmetal cabinet. The 
dial is the National type ACN, suitable for calibrating. 
The voltage-regulated power supply is an inexpensive 
receiver supply mounted in a Parmetal amplifier- 
foundation case with a 5-inch, by 3-inch, by 10-inch 
chassis. 


frequency bands. Adjustable mica padders, 
Cs, are mounted in each coil form. 

To solve some of the difficulties often en- 
countered in key filtering an oscillator of this 
type, the oscillator stage is keyed in the screen 
circuit. This means that both sides of the key 
are at a potential of 150 volts above ground po- 
tential. It is, therefore, preferable to use a relay 
to isolate the key contacts from this voltage. 
Otherwise, due caution should be exercised. If 
preferred, cathode keying may be used as 
shown in Fig. 1254F, but it is more difficult to 
obtain soft keying without introducing chirp 
with this system. With cathode keying, the 
screen connection will go directly to pin No. 2 
on the power plug, eliminating the jack in the 
screen circuit. 

A link winding, ZL, is provided for coupling 
the output to the input of the stage to be 
driven. 

Power supply — The unit operates from the 
power supply shown in Fig. 1257 and whose 
circuit is shown in Fig. 1258. The two are con- 
nected with a length of five-conductor shielded 
battery cable fitted with a five-prong female 
connector at the unit end and a similar male 
plug at the power-supply end. Almost any of 
the usual type of well-filtered receiver power 
supplies delivering 325 to 350 volts with a 
50-ma.-or-better rating may be made to serve 
the purpose equally well, merely by the addi- 
tion of the VR150 regulator tubes and the 
dropping resistor, Re. 

Coils — Coil dimensions for several oscil- 
lator ranges are given in the coil table under 
Fig. 1254. Only those which suit the conditions 
under which the unit is to be operated need be 


CHAPTER TWELVE 24] 


The Radio stiwateur’s Handbook 


constructed. This will depend upon the type of 
transmitter with which the unit is to be used. 
To begin with, only coils need be provided 
giving output in bands for which crystals, for- 
merly used, are ground. For instance, if the 
oscillator stage to be driven is designed for 
1.75-Me. crystals only, coils need be wound 
for this band only. If the transmitter operates 
only in the 1.75-Me. band, or, by doubling, in 
the 1.75- and 3.5-Mc. bands exclusively, only 
the 1.75-Mc. coils for the first bandspread 
range will be required. If, however, the trans- 
mitter is designed to cover the 7-Mc. band, as 
well as the lower-frequency bands, from a 1.75- 
Me. erystal, coils for the second bandspread 
range will also be necessary to get full band- 
spread at 7 Mc. An examination of the coil- 
selection table will show what coils are re- 
quired, depending upon the crystal frequency 
normally used to secure output in the desired 
band. If full bandspread at 7-Me. and higher 
frequencies is not deemed necessary, the wide 
bandspread coils for these frequencies need 
not be constructed. 

The oscillator coils are wound on Millen one- 
inch diameter coil forms which are mounted 
in National PB-10 five-prong shielded plug-in 
bases. The feedback coils, Le, are wound over 
the bottom turns of Z;, and in the same direc- 
tion. Connections to the base pins are given in 
Fig. 1254A, B and C. 

The buffer coils are wound on Hammarlund 
1)4-in.-diameter 5-prong forms. The padding 
condensers, Cs, are mounted inside the coil 
forms, fastened in place with a 4-86 machine 
screw. Buffer coils for the higher-frequency 
ranges must be tapped as directed. One satis- 
factory way of making this tap is to drill a hole 
near the bottom of the form for a wire which 





may be brought outside from the pin to which 
the tap must be connected. The turn indicated 
in the table of coil dimensions may be scraped 
and the tap wire soldered to this turn. Pin con- 
nections are shown in Fig. 1254D and E£. 

Tuning — Before an attempt is made to | 
tune the circuits, the dropping resistor, Re, in 
the power supply should be adjusted. This is 
done with any pair of coils plugged in and the 
key closed. Starting with maximum resistance, 
the slider should be adjusted, bit by bit, until 
the VR tubes ignite. As much resistance as 
possible should be left in the circuit consistent 
with the maintainance of reliable operation of 
the VR tubes. If the tubes ignite with maxi- 
mum resistance in circuit, further adjustment 
will not be required, unless the output voltage 
of the pack used happens to be unusually high. 
If this is the case, resistance should be added 
until the VR tubes will not ignite and then de- 
creased to the point where they first ignite. 

The first step in tuning the unit is to check 
the frequency range of the oscillator. It is 
probable that differences in wiring inductances 
and capacities will make it necessary to make 
slight alterations in the oscillator-coil dimen- 
sions given in the table. Unless these differ 
widely from those of the original model, how- 
ever, nothing more than an adjustment of the 
spacing of a few turns at the top of Zi should 
be required. 

If close calibration is desired, a 100-ke. os- 
cillator checked against WWV, or other fre- 
quency-checking means should be provided. 
The approximate range of the oscillator coil 
under adjustment may be determined by lis- 
tening on a receiver. The 1.75-Mc. range of the 
receiver should be used for checking coil No. 1. 
The ranges of other coils may be checked with 


Male Power 
Plug 


Fig. 1252 — Circuit diagram of the v.f.o. unit. 


Ci, C2 — 300 uufd. each, zero-temp 
type (Centralab 816Z). 

C3 — 140 pufd. per section (Ham- 
marlund MCD-140-S). 

C4 — 100 uufd. mica. 

Cs — 250 pufd. mica. 

Ce — 45-260 wufd. mica trimmer 
mounted in coil’ form (see 


Fig. 


moved). 
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1254) (Hammarlund 
CTS-160). 

C7 — Approximately 65 yufd. (Ham- 
marlund MC-100-S_ with 
two rear stator plates and 
two rear rotor plates re- 


Cs, Co, Cio, C11, Ciz2 — 0.01 ufd. 


J —Single-circuit, closed-circuit jack. 

Ri — 0.1 meg., 14-watt. 

Re — 0.1 meg., 44-watt. 

R3 — 500 ohms, l-watt. 

Li, L2— Oscillator coils (see Fig. 
1 


Ls, Li — Buffer coils (see Fig. 
1254). 


the receiver tuned to the 3.5-Mc. band, since 
the harmonics of 2000 to 2050 ke. are the only 
usable frequencies to fall outside this band. 

If the signal from the oscillator is not picked 
up at any point in the band with any setting of 
the v.f.o. dial, a wire should be run from the re- 
ceiver antenna post to a point near the oscil- 
lator coil. If it is still impossible to pick up the 
signal, it is possible that the oscillator may not 
be functioning. One.turn should then be added 
to the feedback winding. More than the single 
additional turn should not be required. If the 
winding is larger than that required to main- 
tain reliable operation with the key closed, the 
circuit may oscillate weakly, even withthe key 
open. This condition is to be avoided, of course, 
if breakin operation is contemplated. 

When the oscillator is functioning satisfac- 
torily, the spacing of the top turn or two of Ly 
should be adjusted until the desired band is 
centered on the dial of the unit. This can be 
done by spreading a turn or two as mentioned 
previously. The shield can should be replaced 
each time a check is made and, when the ad- 
justment is final, the turns should be fastened 
permanently in place with Duco cement. The 
v.f.o. unit should be warmed up thoroughly 
before making a permanent calibration. 

The National ACN dial has space for cali- 
brating five ranges. Since the bandspread ratio 
is the same for the two lowest-frequency sets 
of coils, the oscillator coils for each of these 
ranges may be adjusted so that the 3.5-Mc. 
harmonics of the 1.75-Me. range (/ and 1A) 
will coincide with the fundamental frequencies 
of the 3.5-Mce. range (2 and 2A) and one scale 
on the dial will serve for both calibrations. It is 
only necessary to adjust the oscillator coil of 
the 3.5-Me. range so that the low-frequency 
end of the band falls at the same point as the 
second harmonic of 1750 of the 1.75-Mc. range 
falls when the 1.75-Mc. coils are plugged in. 
With similar adjustments, the 7-Mc. and 14- 
Mc. ranges of the coils 1B and 1AB, 2B and 
2AB and 8 and 3A may be made to coincide. 
We, therefore, end up with a single calibration 
on the dial for each band and only five calibra- 
tions are required for the complete set of coils 
listed in the coil table. A typical dial calibra- 
tion is shown in Fig. 1256. Intermediate points 
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Fig. 1253 — Components for the v.f. exciter are as- 
sembled on a 7-by-7-by-2-inch chassis. The dual-section 
condenser is mounted by removing the shield between 
sections and fastening to the chassis with a single ma- 
chine screw. The smaller condenser, C7, is mounted on 
National polystyrene button insulators and metal spac- 
ers to insulate it from the chassis and bring its shaft in 
line with that of the dual condenser. It is reverse- 
mounted, with its tail shaft extension coupled to the tail 
shaft extension of the dual condenser to reduce the over- 
all mounting space. The stop pin on the shaft must be 
removed. Leads from the tuning condensers to the sub- 
mounted coil sockets pass through the chassis via 
Y%-inch holes lined with rubber grommets. The jack for 
the key, which must be insulated, and the male power 
connector mount in the side of the cabinet. The chassis 
is fastened firmly in place in the cabinet with long ma- 
chine screws running through the chassis and the 
bottom of the cabinet. The terminals at the rear are for 
link-output connections, the binding post for capacity 
coupling. 


may be marked in as desired. While the 14-Mc. 
band does not cover as much of the dial as 
other bands, nevertheless the bandspread is 
entirely adequate for accurate setting to zero- 
beat in this band. 

With the oscillator ranges adjusted, the next 
step is to adjust the tracking of the buffer 
stage. A 6.3-volt (150-ma.) dial lamp with one 
or two turns of wire should be coupled to the 


COIL SELECTION TABLE FOR VARIABLE-FREQUENCY UNIT * 


Transmitter 
Output Freq. 


Crystal Freq. 
1.75 Me. 


3.5 Me. 
é Me. 





7 Mc. 14 Me. 


1B & 1AB 
2B & 2AB 
3&3A 


1B & 1AB 


2B & 2AB 


3 &3A 3B & 3AB 


* Numbers refer to coils in coil-dimension table. 
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output tank coil to act as an indicator. With 
the condenser gang set at minimum capacity, 
the padder, C6, in the coil form should be ad- 
justed for maximum brilliance of the lamp. 
The gang should now be turned to maximum 
capacity. If the lamp decreases in brilliance, 
readjust Cs, noting carefully whether an in- 
crease or decrease in capacity of Cs is required 
to bring the lamp up to its original brilliance. 
(If the padders suggested in the parts table are 
used, and if they are mounted in the coil forms 
with their terminals downward, clockwise ro- 
tation of the adjusting screw will decrease 
capacity, while counter-clockwise rotation 


will increase capacity. If mounted with the- 


terminals upward, the action will be reversed.) 


Shie Id | 
ee. 





BUFFER COIL CONNECTIONS 


If an increase in the capacity of C6 is required 
with coils having no bandspread tap, C7 is not 
tuning fast enough and a turn should be added 
to Ls. If a decrease in the capacity of Ce is 
required, a turn should be removed from Jz. 
With the tapped coils, the tap should be 
moved a turn toward the top of Zs, if an in- 
crease in Cg is required, or moved a turn to- 
ward the bottom of the coil, if a decrease is 
required. 

After each adjustment of the coil, tracking 
should again be checked by adjusting Cg for 
maximum brilliance with the gang at minimum 
capacity and then checking at maximum ca- 
pacity. These adjustments are simple and no 
trouble should be experienced in speedily ar- 
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Fig, 1254 — Coil-form connections for the v.f.o. circuit of Fig. 1252. Connections shown at A are for coils 1 and 2. 
Those shown at B are for coils 3, 1B and 2B. Connections shown at C are for coil No. 3B. 
Buffer coils 1A and 2A should be connected as shown at D, while coils 3A, 1AB, 2AB and 3AB should be con- 


nected as shown at E. 


F shows the circuit for optional cathode keying instead of screen keying as mentioned in text. RFC is an ordinary 


2.5-mh. r.f. choke. 
Coil dimensions are as follows: 


Oscillator (Li and Le)* 

Coil No. 1 — (875 to 1025 ke.) — 47 turns No. 26 d.s.c., 
7%-in. long; 6 turns for Le. 

Coil No. 2 — (1750 to 2000 ke.) —23 turns No. 20 
d.s.c., 114-in. long; 2 turns for Le. 

Coil No. 3 — (3500 to 3650 ke.) —14 turns No. 20 
d.s.c., 114-in. long; 2 turns for Le. 

Coil No. 1B — (875 to 912.5 ke.) —57 turns No. 26 
d.s.c., 114-in. long; 5 turns for Le. 

Coil No. 2B — (1750 to 1825 ke.) — 28 turns No. 20 
d.s.c., l-in. long; 2 turns for Le. 

Coil No. 3B — (3500 to 3750 ke.) — 131% turns No. 20 
d.s.c., l-in. long; 2 turns for La. 


* Wound on Millen 1-in. diameter forms, Lz wound 
turn for turn over bottom end of Li and in same direc- 
tion. 


244 CHAPTER TWELVE 


Buffer Coils (Ls and Ls)** 


Coil No. 1A — (1750 to 2050 ke.) — 41 turns No. 24, 
134-in. long; approx. 12 turns for La. 

Coil No. 2A — (3500 to 4000 ke.) — 21 turns No. 18, 
1)4-in. long; approx. 6 turns for La. 

Coil No. 3A — (7000 to 7300 ke.) — 14 turns No. 18, 
1l4-in. long, tapped at 3 turns from bottom; 
approx. 4 turns for La. 

Coil No. LAB — (1750 to 1825 ke.) — 46 turns No. 24, 
134-in. long, tapped at 19 turns from bottom; 
approx. 12 turns for La. 

Coil No. 2AB — (3500 to 3650 ke.) — 24 turns No. 18, 
114-in. long, tapped at 91% turns from bottom; 
approx. 6 turns for La. 

Coil No. 3AB — (7000 to 7500 ke.) — 14 turns No. 18, 
1\-in. long, tapped at 5 turns from bottom; 
approx. 4 turns for La. 


** Wound on Hammarlund 1)4-in. diameter forms, 
Ls close-wound below Ls. 























Fig. 1255 —High-fre- 
quency connections under- 
neath the chassis of the v.f. 
exciter unit are made with 
short, straight sections of 
heavy wire. The two zero- 
temp padding condensers are 
soldered directly to the oscil- 
lator-coil socket. All com- 
ponents should be mounted 
firmly with no opportunity to 
support mechanical vibra- 
tions. Washers about 46-inch 
thick should be placed be- 
tween the panel and the 
chassis to provide space for 
the lower lip of the cabinet 
opening. 
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Fig. 1256— Typical dial 
calibration for the v.f.o. unit. 
Notations indicate the cali- 
brated ranges of coil sets 
listed under Fig. 1254 and in 
the coil-selection table. De- 
tails of calibration are given 
in the text. 


DG: B 


Coad * * 
3B-3AB IB-IAB IB-IAB I-IA_ I-IA 
2B-2AB 2B-2AB 2-2A 
3-3A 


3-3A 


riving at the correct adjustments. When proper 
adjustments have been made, there should be 
no appreciable change in the brilliance of the 
lamp at any setting of the gang condenser. 

If a check on plate currents is desired, meters 
may be inserted temporarily by opening up the 
wiring underneath the chassis. With correct 
adjustments of the tickler windings, Le, the 
oscillator plate current should run between 12 
and 15 ma. The buffer plate current should 
run at about 19 ma. with the key open and in- 
crease one milliampere or less with the key 
closed. Large changes in this plate current will 
indicate too many turns on Le. 


® FEEDING CRYSTAL-OSCILLATOR 
STAGES 


The output of the v.f.o. unit is sufficient to 
drive a type 807 or similar tube. Such a stage 





Fig. 1257 — Voltage-regulated power supply for the 
v.f. exciter unit. One filter choke is mounted underneath 
the chassis. 
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may be link coupled to the unit by means of Lz 
or capacity coupled by connecting the coupling 
capacity to the plate terminal of the 6L6. In 
the latter case, a readjustment of Cs will be 
required to restore resonance, but retracking 
should not be necessary. 

However, it is expected that the unit will be 
used more frequently to drive the crystal-oscil- 
lator stage of a crystal-controlled transmitter 
already in operation. While other methods of 
coupling between the crystal-oscillator stage 
and the v.f.o. unit may be devised, one satis- 
factory system which reduces the possibility 
of instability of the crystal-oscillator tube when 
coupled to the v.f.o. unit will be described in 
detail. Most crystal-oscillator stages are not 
sufficiently-well screened to permit operating 
the stage as a conventional straight amplifier 
with input and output circuits tuned to the 
same frequency. While the substitution for 
the crystal of a tuned circuit link-coupled to the 
output of the v.f.o. unit is the recommended 
method of coupling when the crystal stage is to 
be used as a frequency doubler, the stage will 
invariably break into oscillation if the same 
system is used for fundamental operation. One 
satisfactory method of preventing this is to 
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GRID- PLATE 


Fig. 1258 — Circuit diagram of the volt- 
age-regulated power supply for the v.f.o 
unit. 

Ci — 8 pfd., 500-volt electrolytic (Mallory 
HD683). 

C2 — Dual-section, 450-volt electrolytic, 40 
pfd. per section, one section on each 
side of Le (Mallory FPD238). 

Ii, Le — 15 hys., 100-ma. (UTC R19). 

Ri — 25,000 ohms, 10-watt. 

Re — 2500 ohms, 25-watt with slider. 

T — Combination power transformer: 375 
volts r.m.s. each side of center-tap, 
100-ma.; 5 volts, 3 amp.; 6.3 volts, 
6 amp. (UTC R12). 

Sw — S.p.s.t. toggle switch. 

Five-conductor shielded cable connects 
power-supply and v.f.o. unit. Shield is con- 
nected to pin No. 5 at each end. 


switch the link line to the cathode circuit for 
fundamental operation. The system is shown 
applied to several types of crystal-oscillator 
circuits in Fig. 1259. 

In each case, a tank circuit, C,L,, tuned to 
the frequency of the crystal which it supplants, 
replaces the crystal when the stage is to be op- 
erated as a frequency doubler. The insertion 
of the condenser C is required to prevent short- 
circuit of the grid leak. The tank circuit is 
coupled to the output of the v.f.o. through a 
link line connecting at the points marked H-H. 
The openings indicated in the cathode circuits 
may be closed by a shorting bar. It is impor- 
tant to keep the shorting-bar leads as short as 
possible, otherwise there is danger of self os- 
cillation even though the tuning of the grid 
and plate tanks may differ widely. In Tri-tet 
and grid-plate circuits, the cathode tanks must 
be shorted as indicated. 

When the crystal stage is to be operated as a 
straight amplifier, the grid tank is removed, 
leaving the crystal position open. The link line 
from the v.f.o. is shifted to the points marked 
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Fig. 1259 — Methods of coupling the output of the v.f.o. to-crystal-oscillator stages of various types. See text for 
details. C is a mica capacity of 0.001 yfd. to prevent short-circuit of the grid leak. Re and Cx are the usual oscillator 
cathode resistance and by-pass, respectively. Ce and Le are the usual cathode-circuit tanks in the grid-plate and 
Tri-tet circuits. The v.f.o. link output is connected at H-H for harmonic operation of the crystal oscillator circuit, 
or to F-F for fundamental operation. Cg is a variable condenser of 100 uufd. for the 1.75-Mc. band and 50 uyfd. 
for the 3.5-a nd 7-Mc. bands. Dimensions for Lg are as follows: 


1.75-Me. input — 64 turns No. 24 d.s.c., close-wound, 7-Me. input — 20 turns No. 18, 114-in. diameter, 114-in, 
1\-in. diameter. long. 

3.5-Mc. input — 40 turns No, 24, 114-in. diameter, Link windings should consist of approximately 8, 6 
1\-in. long. and 5 turns, respectively, for the 1.75-, 3.5- and 7-Me, 


bands, closeewound close to and below Lg. 
Q4G cuarrer TWELVE 


Fig. 1260 — Plug-in system for 
conveniently making connections 
in Tri-tet oscillator circuit for 
crystal or v.f.o. operation. See 
text for details. A shows the con- 
nections of the plug-in grid tank 
for doubler operation of the crys- 
tal stage with v.f.o. input. Values 
for Lg, Cg and link are given un- 
der Fig. 1259. B shows connec- 
tions for the plug-in cathode coil, 
Le, which is the usual Tri-tet 
cathode winding. C shows the 
circuit with socket connections. 
C. is the usual Tri-tet cathode- 
tank capacity and Re and Cx the 
usual cathode resistance and 
by-pass. 


(®) 


F-F and the cathode shorts indicated by the 
dotted lines removed. In Tri-tet or grid-plate 
oscillators, the cathode inductances and pref- 
erably the cathode tuning condensers .also 
must be removed. If a cathode resistance is 
used, care should be taken to introduce the ex- 
citation between the cathode and the junction 
of the cathode resistance and its by-pass con- 
denser. 

If the v.f.o. is to be keyed, the key terminals 
of the crystal stage must be shorted and a 
small amount of fixed bias may have to be 
connected between grid leak and ground to 
prevent excessive plate current when the key 
in the v.f.o. circuit is open. If break-in keying 
is not desired, the v.f.o. may be operated con- 
tinuously and the crystal stage keyed in the 
usual manner. 

Values for the substitute grid tank coil are 
given in Fig. 1259. A fairly-high L/C ratio has 
been chosen and, in most cases, any one band 
may be covered without retuning of the grid 
tank, if it is set to resonance in the middle of 
the band. The remainder of the transmitter 
will be tuned as usual. 

The details of a convenient plug-in system 
which takes care of all connections in shifting 
from Tri-tet crystal operation, used in most 
transmitters described in this chapter, to either 
fundamental or doubler operation with the 
v.f.o. unit are shown in Fig. 1260. The grid tank 
for doubler operation is plugged into the same 
6-prong tube socket used by the crystal. Link 
connections to the. v.f.o. are made through the 


pin jacks H-H. A short-circuiting wire con- - 


nects the pin jacks F-F in the cathode circuit. 
The leads from the cathode-coil socket to these 
jacks and the shorting wire should be as short 
as possible. The cathode coil is removed from 
its socket. 

For fundamental operation with the v.f.o., 
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SOCKET 
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the tank is removed from the grid-circuit 
socket, the shorting wire is removed from F-F 
to which the link line from the v.f.o. is now 
shifted. 

For crystal operation, the crystal is plugged 
into the grid-circuit between prongs 6 and 3 or 
between 6 and 2 and the cathode coil is plugged 
in its socket, automatically connecting in the 
cathode tuning condenser, C.. The v.f.o. link 
line must be disconnected. Similar combina- 
tions may be worked out for other oscillator 
circuits. 


© A GANG-TUNED 450-WATT PUSH- 
PULL AMPLIFIER AND DRIVER 


Figs. 1261, 1268, and 1264 show a gang- 
tuned unit which may be added to the v.f.o. 
unit of Fig. 1251. As shown in the circuit dia- 
gram of Fig. 1262, it consists of a push-pull 
amplifier with 812s, or similar tubes, and an 
807 driver stage the tuning controls of which 
are arranged to couple to the tuning shaft of 
the v.f.o. unit so that once adjusted for any 
given band, the entire transmitter may be 
tuned simultaneously with the single dial of 
the v.f.o. unit. 

The two stages are coupled inductively with 
the tuning condensers connected across the 
grid winding. The use of inductive coupling 
solves the problem of balanced excitation to 
the amplifier without the dual tuning controls 
required with link coupling. Ci and C3 are the 
usual tank condensers, which are used for set- 
ting the circuits to the desired band. C2 and C4 
are the band-tuning condensers. The shafts of 
these two condensers are connected together 
and also to the tail shaft of C7 in the v.f.o. unit 
through a hole cut in the rear of the v.f.o. 
cabinet. The two stages are adjusted for track- 
ing by varying the portion of the coils across. 
which C2 and C4 are connected. 
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The trap circuits, L4-Cs, Ls-Cg and Le¢-Cy, 
are for the suppression of u.h.f, parasitic oscil- 
lations. 

The milliammeter may be switched to read 
807 cathode or screen current, amplifier grid 
current or amplifier cathode current. 

Most of the constructional details may be 
obtained from the photographs. The 10-inch, 
by 17-inch, by 3-inch chassis is elevated ap- 
proximately 214 inches by supporting it on 
panels 8 inches high running the length of the 
chassis. The holes through the panel and chas- 
sis should be slightly oversize to permit an ac- 
curate adjustment of the chassis height for 
lining up the tuning-condenser shafts. 

Coils — While homemade coils of equivalent 
dimensions may be substituted, many will find 
it more convenient to alter manufactured coils. 
If possible, the National coils suggested for Ly 
should be obtained minus the links and mount- 
ings. Stripped, it will be found that these coils 
fit snugly inside the B & W coils used for Le 
and that no special care is required to hold 
them central to prevent short circuits between 
I; and Lg. The plastic strips on each coil take 
care of this admirably. The link winding 
should be removed from Le by cutting it away. 
The free pins in the base thus provided will 
serve for the connections to Ce. The tubular 
rivets at each end of the bottom spacing strip 
of the coil should be drilled or filed out and a 
34-inch 6-32 machine screw substituted by 
which a Johnson banana plug may be fastened 
at each end. The ends of Z; are connected to 
these plugs. 

In the chassis, on either side of the coil 
socket and directly below the banana plugs, a 
hole should be drilled. The one on the right- 
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hand side should be 44-inch in diameter, while 


. the one on the left-hand side should be 14-inch 


in diameter. A jack to fit the banana plug 
should be placed in a National polystyrene 
button-type insulator with the shoulder filed 
off and the hole drilled out to fit the jack. This 
jack, mounted in the 14-inch hole with the in- 
sulator as a spacer, then serves to make the 
ground connection for L;. The %-inch hole is 
for a second jack insulated from the chassis by 
a pair of button insulators which serves as the 
connection for the other end of Ji. 

The B & W type TVH coils are selected not 
only because they are of the proper size for the 
power involved, but also because they are sup- 
plied with extra plugs which may be used for 
the ganging taps for C4. 

Both Le and Lz require no bandspread taps 
for the 1.75-Mc. band; the plugs for the taps 
and those for the ends of the coils are simply 
connected together, connecting the bandspread 
and padding condensers in parallel for this 
band. 


® COMBINING UNITS 


Fig. 1264 shows how the two units are joined 
together. The output of the v.f.o. and the input 
of the 807 driver stage are coupled capaci- 
tively, a short wire connecting the binding 
post in the v.f.o. unit with the coupling con- 
denser, Cio, in the ganged unit. Large holes are 
made in the rear of the v.f.o. cabinet and the 
end of the chassis to clear a small National 
rigid shaft coupling. The height of the chassis 
should be adjusted so that the shafts of the 
two units line up perfectly. If the condenser 
gangs in each unit have been mounted as de- 
scribed, the shafts will be lined up when the 


Fig. 1261 — Top view of the gang- 
tuned driver and push-pull amplifier 
designed to work with the v.f.o. unit 
of Fig. 1251. The chassis is elevated 
by 17-inch, by 8-inch panels on each 
side. The 807 socket, which is 
mounted an inch below the chassis 
top on spacers, and the socket for 
the coupling transformer, Li—Le, at 
the left-hand end of the _ chas- 
sis, are on either side of the band- 
spread condenser, Cz, underneath. 
The 807 padding condenser, Ci, is 
next to the right with an insulating 

* coupling in its shaft which is 54% 
inches from the left-hand end of the 
chassis. The shaft of the final-amplifier 
padding condenser, 54% inches from 
the right-hand end of the chassis, is 
also fitted with an insulating cou- 
pling. The condenser is mounted on 
National polystyrene button insula- 
tors to bring its shaft level with that 
of Ci. The sockets for the 812s are 
at either end of C3 with the neutraliz- 
ing condensers in between to make 
the neutralizing leads short. The jack 
bar for the tank coil, Ls, is mounted 
on 2-inch cone insulators. 


bottom edge of the chassis is 2144 inches above 
the bottom edges of the supporting panels. 

The two units are fastened together with 7- 
inch triangular brackets, the tops of which 
have been cut off to fit, on each side of the chas- 
sis. The excitation lead to the grid of the 807 
passes through a grommet-lined hole in the 
back of the v.f.o. cabinet. 

Tuning — Power-supply requirements are 
covered in the section of the complete gang- 
tuned transmitter which follows. 

If coil dimensions have been followed care- 
fully, there should be little difficulty in lining 
up the various stages. Make certain that the 
shaft couplings are adjusted so that all con- 
densers of the gang arrive at maximum or min- 
imum capacity simultaneously. Coils should be 
plugged in the various stages for the desired 
band, using the coil-selection table as a guide. 

With the tuning control set for the high- 
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frequency edge of the band, the voltage-regu- 
lated supply and the bias supply should be 
turned on simultaneously. This will apply 
plate voltage to the v.f.o. unit and screen volt- 
age to the 807. Using the 807 screen current as 
an indicator, the trimmer of the buffer stage in 
the v.f.o. unit should be lined up. Maximum 
screen current indicates resonance. The key 
should not be held closed for excessively-long 
periods to limit screen heating. Turning to the 
low-frequency end of the band should show 
negligible change in screen current. Should 
there be evidence of poor tracking, the buffer 
stage may be brought into line again as dis- 
cussed in the section describing the tuning of 
the v.f.o. unit. 

Plate voltage may now be applied to the 807 
and the stage tuned to resonance with Ci. A 
check should now be made for parasitic oscil- 
lation. This is done by reducing plate voltage 
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Fig. 1262 — Circuit diagram of the gang-tuned unit. 


Ci — 140 ppfd. per section (Hammarlund MCD-140-S), 

C2 — 100 uufd. per section (Hammarlund MCD-100-S). 

C3 — 150 yuufd. per section, 0.07-in. spacing (Johnson 
150ED30). 

Cs — 65 yuyfd. per section, 0.07-in. spacing (Hammar- 
lund HFBD-65-E). 

Cs, Ce, C7 — 30-upfd. mica trimmer (National M-30). 

Cs, Co — Neutralizing condensers (National NC-800). 

Cio — 100 upfd., mica. 

Cu, Ciz — 0.001 pfd., mica, 1000-volt. 

Cis — 0.001 ufd., mica, 7500-volt (Aerovox 1623). 

Cia, Cis, Cie, Ci7, Cig — 0.01 ufd. 

MA — Milliammeter, 100-ma. scale. 

Ri — 25,000 ohms, 1-watt. 

Re — 20,000 ohms, 10-watt, variable. 

Rs, Ra — 25 ohms, 1-watt. 

Rs — Meter multiplier resistance, 2-times, wound with 
No. 26 wire. 

Re— Meter-multiplier resistance, 5-times, wound with 
No. 24 wire. 

RFC — 2.5-mh. r.f. choke. 

RFCz2 — 500-ma. r.f. choke (Hammarlund CH500). 

S — Two circuit, 4-contact switch (Mallory 3234J). 

T — Filament transformer, 6.3-volt, 10-amp. (Thordar- 
son T19F99). 

Li — Mounted inside Le. 

1.75 Me. — 45 turns No. 24, 114-in. diam., 13%-in. 


long (National AR80 unmounted, 11 turns 
removed). 

3.5 Mc. — 22 turns No. 22, 144-in. diam., 114-in. 
long (National AR40, unmounted, 6 turns re- 
moved). 

7 Mc. — 14 turns No. 20, 114-in. diam., 114-in. 
long (National AR20, unmounted). 

Le — 1.75 Mc. — 58 turns No. 24, 154-in. diam., 2144- 
in. long, taps at ends of coil (B & W JCL-160, 
no link). - 

3.5 Mc. — 28 turns No. 22, 154-in. diam., 114-in. 
long, taps at 3 turns from each end (B & W 
JCL-80, no link, 8 turns removed from each end). 

7 Mc. — 18 turns No. 16, 154-in. diam., 114-in. 
long, taps at 6 turns from each end (B & W 
JCL-40, no link, 5 turns removed from each end). 

L3 — 1.75 Me. — 60 turns No. 16, 5%-in. long, 214-in. 
diam., 54-in. space at center for link, taps at 
ends of coil (B & W TVH-160). 

3.5 Mc. — 38 turns No. 14, 514-in. long, 214-in. 
diam., 34-in. space at center for link, taps at 334 
turns from each end (B & W TVH-80). 

7 Me. — 24 turns No. 12, 514-in, long, 214-in. 
diam., 34-in. space at center for link, taps at 734 
turns from each end (B & W TVH-40). 

La — 5 turns No. 14, 3-in. diam., 1-in. long. 

Ls, Le — 4 turns No. 14, %-in. diam. 
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with a lamp of sufficient size to reduce the plate 
voltage to about half in series with the primary 
of the 750-volt transformer. At several settings 
of the v.f.o. unit, Ci should be varied through- 
out its range, carefully noting any change in 
cathode current which would indicate oscilla- 
tion. Additional check may be made by touch- 
ing a neon bulb to the plate of the 807. Should 
oscillation occur, C's should be adjusted until 
the oscillation is suppressed. 

Attention should now be turned to the 
tracking of the driver stage. Turning C) to reso- 
nance should result in a showing of amplifier 


grid current. Again starting at the h.f. end of | 


the band, C; should be adjusted for maximum 
grid current. If there is a serious falling off of 
grid current as the unit is tuned to the 1.f. end 
of the band, a check should be made to deter- 
mine if readjusting C will bring the grid cur- 
rent back up. If it does not, the size of L; must 
be increased by one or two turns. If, however, 
vetuning of Cy shows the tuning to be off reso- 
nance at the 1.f. end of the band, it should be 
carefully noted whether an increase in the ca- 
pacity of Cy or a decrease is necessary to re- 
store resonance. If an increase in Cj is required, 
the taps of C2 should be spread slightly farther 
apart, or brought slightly closer together 
should a decrease in C, be required. After each 
check, the tuning of the unit should be re- 
turned to the h.f. end and realigned before 
again checking the L.f. end. 

However, should the first check at the Lf. 
end of the band show an increase in grid cur- 
rent over that obtained at the h.f. end, a turn 
or two should be removed from Lj after which 
the tracking should again be checked as pre- 
viously described. 

With substantially-constant grid current 
over the band, the amplifier may be neutralized 
in the usual manner. With the amplifier oper- 
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Fig. 1263 — Bottom view of the 
gang-tuned unit. The final-amplifier 
bandspread condenser, Ca, is mounted 
as far to the left as possible on Na- 
tional polystyrene button insulators 
stacked to bring the shaft level with 
that of the driver bandspread con- 
denser, C2, to the right. The shafts of 
the two condensers are connected 
with flexible insulating couplings. C2 
is turned around so that its tail shaft 
couples to the shaft of the v.f.o. unit. 
The mounting hole of the condenser 
should come 2% inches from the left- 
hand edge of the chassis. The shaft 
stop pin should be removed. The fila- 
ment transformer is mounted below 
the chassis at the center. 


ating at reduced plate voltage, a check, similar 
to that described for the 807 stage, should be 
made to eliminate any tendency toward para- 
sitic oscillation. For several settings of the 
ganged control, C's should be varied throughout 
its range. If oscillation occurs, Cg and C7 should 
be adjusted in equal steps until oscillation 
ceases. 

With the amplifier still operating at reduced 
plate voltage, it should be loaded with a lamp 
bulb of 150 to 200 watts connected to the out- 
put link. C3 should be adjusted for resonance at 
the h.f. end of the band. Tuning across the 
band should now show no appreciable change 
in power input or output. If a check, by re- 
tuning C3 at the 1.f. end of the band, shows the 
stage to be off resonance, a note should be made 
as to whether an increase in the capacity of 
C3 or a decrease is necessary to restore reso- 
nance. If an increase is required, the taps of 
C4 should be spread slightly, while a decrease 
in C3 would indicate that the taps of C4 should 
be brought slightly closer together. Here, 
again, each adjustment of tracking should be 
followed by realigning at the h.f. end of the 
band before making a check on the new ad- 
justment at the Lf. end. 

If coil dimensions have been followed care- 
fully, these tracking adjustments should not be 
required. They are described to take care of 
cases in which the constructor may have gone 
astray at some point, or in which the design 
has been changed to suit other requirements. 
Naturally, the adjustments for the higher-fre- 
quency bands must be made in smaller steps 
than those required for the lower-frequency 
bands. 

At the plate voltages recommended, the 
screen current, when lining up the v.f.o. output 
stage, should run between 5 and 10 ma. Cath- 
ode current to the driver stage, when tuned 


and loaded should be between 70 and 100 ma., 
while grid current to the final amplifier should 
exceed 50 ma. with the amplifier loaded to the 
rated plate current of 300 ma. at 1500 volts. 
Under operating conditions, the driver screen 
voltage should run close to 250 volts. When ad- 
justments are correct, the power output across 
any of the three bands should remain constant 
at 300 watts. . 

For ’phone operation with plate modulation. 
the input to the final amplifier should be re- 
duced to 250 ma. at 1250 volts. 

The tube tables of Chapter Twenty should 
be consulted for operating conditions for other 
tubes, should they be used in the final ampli- 
fier. 


® COMPLETE V ARIABLE-FREQUENCY 
GANG-TUNED TRANSMITTER 


Fig. 1264 shows how the two units of Figs. 
1251 and 1264 may be combined for gang tun- 
ing. The regulated supply of Fig. 1257 will fur- 
nish screen voltage for the 807 by bringing out 
a tap from the junction of the resistors Ri and 
Ry. The unit of Fig. 1247 will furnish biasing 
voltages for both 807 and final amplifier. The 
voltage divider resistance of the bias unit 
should be adjusted with 4000 ohms in the Re 
portion and 4000 ohms in the R3 portion. Plate 
voltage for the 807 may be obtained from the 
unit of Fig. 1238, while the unit of Fig. 1245 
will furnish plate voltage for the output am- 
plifier. A suitable antenna tuner for the unit is 
the one shown in Fig. 1249. 

For convenience in tuning, the ganged unit 
is designed to be placed within reach on the 
operating table. The power-supply units may 
be mounted in a 264-inch rack under the op- 
erating table, while the antenna tuner may be 


Fig. 1264 — The v.f.o. unit of Fig. 
1251 combined with the gang-tuned 
driver and push-pull final amplifier. 
The milliammeter and the meter 
switch are placed on the panel to 
balance each other at opposite ends 
of the chassis. Holes for these must 
be cut in the chassis edge. The con- 
trol at the left is for setting the final- 
amplifier padder or band-setting con- 
denser, Cz, while the one to the right 
is for the driver padder. The chassis 
is 10 inches, by 17 inches, by 3 inches. 
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COIL-SELECTION TABLE FOR GANGED UNIT 









Driver 


1.75 Me. No. 1 1.75 Me. | 1.75 Me. 


3.5 Me. No. 2 3.5 Mec. | 3.5 Me. 


V4 Me. No. 3 4 Me. | 7 Me. 


14 Me. 





mounted within reach over the receiver or 
transmitter. 

For rapid setting of the band-set condensers, 
the dials should be furnished with paper scales 
upon which the setting for each band is 
marked, rather than to record the numerical 
dial setting on a chart which must be con- 
sulted each time bands are changed. 

Similarly, to simplify antenna tuning and 
make it possible to adjust the antenna without 
putting a signal on the air, the antenna-tuner 
dial should be furnished with a paper scale 
which may be calibrated in settings in terms of 
receiver- or v.f.o.-dial settings. Since antenna 
tuning should not be critical, the dial need be 
calibrated for only several scattered points 
throughout each band. With an arrangement 
such as this, it is merely necessary to set the 
v.f.o. dial to the frequency desired and the an- 
tenna-tuner dial to a corresponding setting 
while waiting for the desired station to sign 
off. 


® TWO-TUBE PLUG-IN COIL EXCITER 


In the two-tube exciter or low-power trans- 
mitter shown in the photograph of Figs. 1265, 
1267 and 1268, a 6L6 oscillator is used to drive 
an 807 as an amplifier-doubler. As shown in the 
diagram of Fig. 1266, a Tri-tet circuit, which 
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is used to obtain harmonic output, is reduced 
to the simple tetrode circuit for oscillator out- 
put at the crystal fundamental by short-cir- 
cuiting the cathode tank circuit. Sufficient 
oscillator output at the fourth harmonic of the 
crystal frequency is obtainable to drive the 807, 
which may be operated as either a straight 
amplifier or frequency doubler, making it 
possible to obtain an output of 25 to 50 watts 
or more in four bands from a single crystal of 
properly-chosen frequency. 

The exciter is constructed in a manner 
which conserves vertical panel space and which 
renders the coils and tubes readily accessible 
for change. The crystal socket is at the front, so 
that frequencies within a band may be changed 
without the necessity for going to the rear. 

The entire unit is designed to operate from a 
single 250-ma. supply delivering up to 750 
volts (see Fig. 1239), the maximum voltage at 
which the 807 is designed to operate. A fixed 
bias of 45 volts, which may be obtained from a 
battery, is required for the 807. In the keying 
system shown, both the oscillator and ampli- 
fier are keyed simultaneously in the common 
cathode lead. A single milliammeter with a 
scale of 200 ma. may be switched to read the 
plate current of either stage. 

Tuning — Since the 807 requires no neu- 
tralizing, tuning the exciter consists chiefly of 
selecting the proper coils and tuning the two 
plate circuits to resonance. Because it is pos- 
sible to double or quadruple frequency in the 
plate circuit of the oscillator and to double 
frequency in the plate circuit of the 807 as well, 
there are several possible combinations of coils 
and crystals which will produce the same out- 
put frequency. However, much better effi- 
ciencies are obtainable when operating the 807 
as a straight amplifier, rather than doubling, 
so that it is always advisable to operate the 
output stage in this manner whenever possible. 


This possibility occurs in all cases except 
where it is necessary to obtain output at the 
eighth harmonic of the crystal frequency — 
14-Mc. output from a 1.75-Mc. crystal or 
28-Mce. output from a 3.5-Mc. crystal. The ac- 
companying chart will enable the operator to 
choose at a glance the combination required 
for the desired output from a given crystal. It 
also indicates the position in which SW, 
should be thrown. Always be sure that the 
crystal frequency chosen is one whose har- 
monics will fall in the band in which operation 
is to take place. 

With the proper coils and crystal in place, 
SW, thrown to the correct position and both 
condensers set at minimum capacity (100 
divisions on dial), the high-voltage should be 
applied with the meter switch in the second 
position where it will read plate current to the 
807. If all resistances are correct and the plate 
voltage 750, the plate current should run ap- 
proximately 25 ma. Now close the key and turn 
the oscillator tank condenser to the approxi- 
mate setting given in the accompanying table 
and watch for a rise in amplifier plate current. 
When this occurs, tune the oscillator for maxi- 
mum amplifier plate current. Do not hold the 
key closed for long periods under. this condi- 
tion. As soon as the peak has been obtained, 
tune the amplifier plate tank condenser for 
resonance as indicated by a pronounced dip in 
plate current. Should the points of response on 
either condenser be found at points on the 
scale differing appreciably from those given in 
the table, each circuit should be checked with 
an absorption wavemeter to make sure that 
it is tuned to the correct frequency, since the 
ranges covered by some of the coils include odd 
harmonics which result in responses outside 
the amateur bands. Once checked, the dial 
settings can be logged for quick resetting to the 
desired frequency. 





Fig. 1265 — The two-tube plug-in coil exciter is built to conserve space in the relay rack. The panel is 314 in. 
by 19 in. A clearance hole is cut in the left end of the panel for the crystal socket which is mounted in the chassis 
directly above the cathode-circuit switch. The left-hand dial controls the tuning of the oscillator plate tank circuit, 
while the one to the right is the control for the output tank circuit. The switch at the right-hand end is for the 200- 
ma. meter. The outer ceramic buttons used in providing insulating mountings for the tank condensers are the only 
things appearing on top of the chassis. 
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With the amplifier tuned, the meter switch 
may now be thrown to the first position, where 
the meter reads oscillator plate current, and 
the oscillator tank circuit tuned for minimum 
plate current consistent with satisfactory key- 
ing. Active crystals will usually oscillate con- 
tinuously in the Tri-tet circuit, regardless of 
the setting of the tank condenser. When the 
tetrode circuit is in use, however, the circuit 
will oscillate only so long as the plate circuit is 
tuned within relatively narrow limits. SW, 
should never be left open when the oscillator 
plate circuit is tuned to the crystal frequency. 
The plate current to the oscillator will be found 
to vary widely in value, depending upon 
whether output is taken at the fundamental, 
second harmonic or fourth harmonic. At the 
specified plate voltage, it should run between 
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40 and 50 ma. at resonance with the plate cir- 
cuit tuned to the crystal fundamental or second 
harmonic. When tuned to the fourth harmonic, 
the plate current will normally run between 85 
and 95 ma. 

Because the plate and screen of the 6L6 are 
operated from a voltage divider, their volt- 
ages will vary considerably with conditions of 
tuning. Plate voltage will vary between 400 
and 450 except when operating at the fourth 
harmonic when it will normally fall to 340 
volts or so. The screen voltage varies simul- 
taneously from 280 to 210 volts or so. 

The tank coils for the output circuit are 
fitted with link windings for coupling to a 
following stage with link input, to a low- 
impedance transmission line feeding an an- 
tenna or to an antenna coupler. In most cases, 








Fig. 1266 — Circuit diagram of the two-tube plug-in coil exciter. 


Ci — 140-yufd. midget variable (Hammarlund MC. 
140M 


Ce — 150-pyyufd. variable (Cardwell MR150BS). 

Cs = 100-upfd. mica. 

Ca — 20-upfd. mica. 

Cs, Ce, C7, Cs, Co, Cio — 0.01-ufd., 600-volt paper. 

Cu — 0.01-yfd., 1000-volt paper. 

Cx — 100-yufd. mica (see text). 

MA — Milliammeter, 0-200-ma. scale (Triplett Mod. 
227A). 

Ri — 20,000 ohms, 1-watt. 

Re — 25,000 ohms, 2-watt. 

R3 — 200 ohms, 2-watt. 

R4 — 10,000 ohms, 25-watt. 

Rs — 3500 ohms, 25-watt. 

Re, R7 — 15,000 ohms, 25-watt. 

Rs, Ro — 1250 ohms, 50-watt. 

Rio, Ri1 — 10 ohms, 1-watt. 

R.f.c. — 2.5-mh. r.f. choke. 

SWi — S.p.s.t. toggle switch. 

SWe — D.p.d.t. rotary switch (Mallory 3222J). 

Li — 1.75-Me. crystals — 32 turns No. 22 d.s.c., close- 
wound, 

3.5-Mce. crystals —10 turns No. 22 d.s.c., l-in. 

long. Note: Cx connected in parallel with this 
coil; mounted in form. 


a crystals — 614 turns No. 22 d.s.c., 34-in. 
ong. 
Above coils wound on Hammarlund 114-in. diam. 
4-pin forms. 
Le — 1.75 Mec. — 56 turns, 114-in. diam., 134-in. long, 
54 phys. (National AR80-no link). 
3.5 Mc. — 28 turns, 114-in. diam., 1/4-in. long, 
15 whys. (National AR40-no link). 
7-Mc. — 14 turns, 114-in. diam., 144-in. long, 4.2 
uhys. (National AR20 — no link). 
14 Mc. —8 turns, 144-in. diam., 114-in. long, 
1.25 whys. (National AR10 — no link). 
28 Mc. —4 turns, 114-in. diam., 34-in. long. 0.5 
5 (National AR10, 4 turns removed — no 
in . 
Ls — 1.75 Mc. — 50 turns, 114-in. diam., 21%-in. long, 
52 whys. (Coto Coil CS6160E). 
3.5 Mc. — 25 turns, 114-in. diam., 15%-in. long, 
16 whys. (Coto Coil CS680E). 
7 Mc.—16 turns, 14-in. diam., 17%-in. long, 
5.7 whys. (Coto Coil CS640E). 
14 Mc. — 8 turns, 1)-in. diam., 154-in. long, 1.5 
uhys. (Coto Coil CS620E). 
28 Mc. — 4 turns, 1)4-in. diam., 1)4-in. long, 0.7 
uhys. (Coto Coil CS610E). 
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Fig. 1267 — The 4-prong socket for the cathode coil, the octal for the 6L6 oscillator and the 5-prong socket for 
the Coto coils used in the output tank circuit are sub-mounted in the rear edge of the chassis. The mounting for 
the National AR coils used in the oscillator plate circuit is fastened on short cone insulators, while the socket for 
the 807 is sub-mounted in the small steel partition. The grid r.f. choke and screen and cathode by-pass condensers 
are fastened directly to the socket. Large clearance holes lined with grommets are provided for passing the connec- 
tions through the chassis from the oscillator plate coil to the tank condenser and for the 807 plate lead. A pair of 
pin jacks serves as the link output terminals and power-supply connections are made to the Millen strip at the right 


end. 


the maximum rated dissipation of 30 watts 
will not be exceeded in loading the output 
circuit until the 807 draws the maximum 
rated plate current of 100 ma. However, when 
doubling frequency in the output stage, the 
plate current should be limited to 70 ma. at 28 
Me. and 80 ma. at 14 Me. and to 90 ma. when 
operating the 807 as a straight amplifier at 28 
Mc. Power output under these conditions 
should average 40 to 55 watts on all bands 
so long as the 807 is operated as a straight 
amplifier. When doubling frequency in the 
output circuit to 14 and 28 Mc., the output 
will normally be reduced to about 27 and 18 
watts respectively. 

Amplifier screen voltage will normally vary 
between 240 and 300 volts, the higher values 
obtaining when quadrupling in the oscillator. 

If the exciter is operated from a power sup- 
ply of lower voltage, the power output will, of 
course, be reduced in proportion. In such a 


case, it may be of advantage to alter somewhat 
the values of resistance specified for the voltage 
dividers in order to increase the voltages on 
the oscillator plate and screen and also that of 
the screen of the 807. With a 600-volt supply, 
Rg and Rg should be changed to 1000 ohms 
each and Ry, to 20,000 ohms and R&; to 10,000 
ohms. Power output will average 30 to 35 
watts with the 807 operating as a straight 
amplifier. 

The oscillator circuit may be arranged for 
v.f.o. input as shown in Fig. 1260. 


@ COMPLETE 75-WATT ALL-BAND 
TRANSMITTER WITH PLUG-IN COILS 


If it is desired to feed the unit of Fig. 1265 
into an antenna as a complete transmitter, it 
may be combined with the power-supply unit 
of Fig. 1238, which will furnish heater and 
plate voltages, and the antenna-tuning unit of 
Fig. 1216 with the large condensers. A 45-volt 





COIL AND TUNING TABLE FOR TWO-TUBE PLUG-IN COIL EXCITER. 


Xtal Output Li 
Band Band SW Band 
Me. Me. Mc. 
1.75 1.73 Closed 1.75 
1.75 SD Open 1.75 
3.5 3.5 Closed 3.5 
1.75 7 Open 1.75 
3.5 r § Open 3.5 

7 7 Closed 7 
1.75 14 Open 1.75 
3.5 14 Open 3.5 
§ 14 Open i 
3.5 28 Open 3.5 
7 28 Open vi 


CiLe2 CoL3 

Band Band Ci* C2* 
Mc. Mc. 
1.75 1.75 10 10 
3.5 35 10 30 
3.5 3.5 10 30 
7 7 20 50 
q ed 20 50 
c 7 20 50 
a 14 20 70 

14 14 35 70 

14 14 35 70 

14 28 35 80 

28 28 15 80 





* Approx. settings for low-frequency ends of bands with dial reading zero at full capacity of condenser. 
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Fig. 1268 — Space inside the 4- 
in. by 17-in. by 3-in. chassis has 
been utilized to the greatest 
extent possible. Rg and Rg are 
to the right of the oscillator 
tank condenser, while Ra, Rs, 
Re and R7 are mounted to the rear 
of the meter. The oscillator r.f. 
choke and grid leak are fastened 
to the crystal socket. Connections 
between the crystal socket and 
cathode switch are made directly 
and kept well-spaced. Meter- 
shunting resistances are fastened 
to the meter switch. Both tank- 
condenser shafts must be fitted 
with insulated couplings and 
panel bearings. 


battery will also be required for bias. The three 
units may be placed in a small table rack with 
a total height of only 1714 inches. 


@A PUSH-PULL AMPLIFIER FOR 200- 
TO0-500-WATTS INPUT 


Figs. 1269, 1271 and 1272 show various 
views of a compact push-pull .amplifier for 
tubes of the 1500-volt, 150-ma. class, although 
the design is also suitable for those of the 1000- 
volt, 100-ma. class. With the lower voltages, a 
plate tank condenser with a plate spacing of 
0.05 inch and smaller tank coils may be 
used. 

The circuit, shown in Fig. 1270, is quite con- 
ventional with link coupling at both input and 
output. C1; and Cy are plug-in fixed air capaci- 
tors for the 1.75-Mc. band to eliminate the 
necessity for an unduly-large variable tank 
condenser to cover this one band. The circuits 
L3-Cg and L4-Cs are traps important for the 
prevention of u.h.f. parasitic oscillations. The 
100-ma. meter may be shifted between the 
grid and cathode circuits for reading either grid 
current or cathode current. When shifted to 
read cathode current, it is shunted by a re- 
sistance, Re, which multiplies the scale reading 
by five. This resistance is wound experimen- 
tally with No. 26 copper wire to give the de- 
sired multiplication. 

Construction — The mechanical arrange- 
ment shown in the photographs results in a 
compact unit, requiring a minimum of panel 
space. The tank condenser is mounted on the 
left-hand partition (Fig. 1271) at a height 
which brings its shaft down 2% inches from the 
top of the panel. The plate tank-coil jack 
bar is mounted centrally with the condenser on 
spacers which give a 14-inch clearance be- 
tween the strip and the partition. The socket 
for the plate padder, Cie, is mounted in the 
lower rear corner of the left-hand partition. 
Cio is mounted with a small angle on the parti- 
tion under the center of C2. Leads from both 
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ends of the rotor shaft are brought to one side 
of Cio for symmetry. 

The two tube sockets are mounted in a line 
through the center of the chassis and at oppo- 
site ends of the plate tank condenser. They are 
spaced about one inch below the chassis on 
long machine screws. The neutralizing con- 
densers are placed between the two tubes so 
that the leads from the plate of one tube to the 
grid of the other are short. The r.f. choke is 
mounted just above the tank condenser. 

The right-hand partition is cut out at the 
forward edge to clear the meter. This cut-out 
is readily made with a socket punch and hack- 
saw. The socket for the grid tank coil is 
mounted 414 inches behind the panel, just 
above the chassis line. The grid-circuit padder, 
Cu, is fitted with banana plugs which mount 
in jacks set in the right-hand partition just 
behind the grid coil. The jacks are insulated 
from the metal by mounting them in National 
polystyrene button insulators which have 
been drilled out to fit. 

The grid tank condenser, Ci, is mounted 
under the chassis without insulation. Large 
clearance holes, lined with rubber grommets, 
are drilled for connecting wires which must be 
run through the chassis or partitions. The 
parasitic traps are made self-supporting in the 
plate leads from the tank condensers to the 
tube caps. The panel is placed so that the plate 
tank-condenser shaft comes at the center. The 
meter switch is mounted to balance the con- 


trol of Cj. 
Power Supply and _ Excitation — The 
T40s shown in the photographs operate 


at a maximum plate voltage of 1500 for c.w. 
work. For this, the unit shown in Fig. 1245 is 
suitable. The supply shown in Fig. 1248, minus 
the VR-tube branch, will provide the biasing 
voltage required for plate-current cut-off. Re 
should have a resistance of 2500 ohms and R3 
1500 ohms. A filament transformer delivering 
7.5 volts, 5 amperes will also be required and it 
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may be mounted on the bias-supply chassis, if 
desired. The exciters of Figs. 1232 and 1265 
will furnish adequate excitation. 
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Fig. 1269 — The 
panel of the 450-watt 
push-pull amplifier is 
only seven inches high. 
The small knob to the 
left is the grid-circuit 
tuning control, while the 
one to the right is for 
the meter switch. 


Tuning — After the amplifier has been neu- 
tralized, a test should be made for parasitic os- 
cillation. Bias should be reduced until the 

amplifier draws a plate cur- 
rent of about 100 ma. with- 
out excitation. With Cy ad- 
justed to various settings, C2 
should be varied through its 
range and the plate current 
watched closely for any abrupt 
E Output change. Any change will indi- 
cate oscillation and the con- 
densers Cs and Cg should be 
adjusted in slight steps simul- 
taneously until the oscillation disappears. Un- 
less the wiring differs appreciably from that 
shown, complete suppression will usually be 
obtained with the two condensers at full ca- 
pacity. Changing of bands should have no ef- 
fect upon this adjustment. 

With normal bias replaced, the amplifier 
should now be tuned up and the excitation ad- 
justed so that a grid current of 60 ma. is ob- 
tained with the amplifier fully loaded. Full 
loading will be indicated when the cathode- 
current meter registers 360 ma., which in- 


Fig. 1270 — Circuit diagram of the 450-watt push-pull amplifier. 


Ci — 100 uyufd. per section, 0.03-in. Cs, Ce— 30 yyfd., mica trimmers 
(National M-30). 

C7, Cs, Co — 0.01 pfd. 

Cio — 0.001 dics mica, 7500 volts Re — Meter-multiplier resistance 

; test (Aerovox 1653). 

spacing (Hammarlund Ci — 50-uyfd. air Snide he 1.75 : 
Mc., 0.05-in. spacing (Card- RFC—1-mh. r.f choke (National 
well EO-50-FS). - R154). 

Cig — 50-uufd. air padder for 1.75. MA— Milliammeter, 100-ma. scale. 


spacing (Hammarlund 
HFAD-100-B). 
Co— 100 pyufd. per section, .07-in. 


HFBD-100-E). 
Cs, C4 — Neutralizing condensers 
(National NC-800). 


Li — B & W JCL series, dimensions as follows: * 

1.75 Mec. — 60 turns No. 24, 214-in. long. 

3.5 Mc. — 44 turns No. 20, 21%-in. long. 

7 Mc. — 26 turns No. 16, 2)4-in. long. 

14 Mc. — 14 turns No. 16, 1%-in. long (remove 
2 turns from B & W coil). 

28 Mc. — 6 turns No. 16, 17-in. long (remove 2 
turns from B & W coil). 

B & W TCL series, dimensions as follows: ** 

as Me. — 28 turns No. 12, 434-in. diam., 44-in. 
ong. 
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Me., 0.125-in. spacing 
(Cardwell JD-50-OS). 
Ri — 25 ohms, 1-watt. 


for 5-times multiplication, 
wound with No. 26 wire. 


3.5 Mc. —26 turns No. 12, 34-in. diam., 4}4-in. long. 
7 Mc. —22 turns No. 12, 214-in. diam., 414-in. long. 
14 Mc. — 10 turns No. 12, 214-in. diam., 414-in. 
long, remove one turn from each end. 
28 Mc.—4 turns %-in. copper tubing, 2)4-in. 
diam., 414-in. long, remove one turn each end. 
Ls, La, —4 turns No. 14, 4-in. diam., 34-in. long. 





* All 114-in. diameter, 3-turn links. 
** All coils fitted with 2-turn links. 





Fig. 1271 — All components of the 450-watt push-pull amplifier 
are assembled on a chassis 7 inches wide, by 2 inches high, by 9 
inches deep. The partitions are standard 614-inch, by 10-inch inter- 
stage shields. Millen safety terminals are used for the high-voltage 


and bias connections. 


cludes the 60-ma. grid current. Under these 
conditions, the biasing voltage should rise to 
150 volts, dropping to about 70 volts without 
excitation, when the plate current will fall to 
almost zero. 

If the amplifier is to be plate modulated, 
the plate voltage should be reduced to 1250 
and the loading decreased to reduce the plate 
current to 250 ma. The same bias-supply ad- 
justment will be satisfactory for this type of 
operation, but excitation may be reduced to 
give a grid current of 40 ma., bringing the total 
cathode current to 290 ma. The antenna tuner 
shown in Fig. 1226 should be adequate, or the pi- 
section network of Fig. 1273 may be preferred. 

Reference should be made 
to the tube tables for oper- 
ating conditions for tubes of 
different characteristics. 


® PI-SECTION 

COUPLER 

The photograph of Fig. 
1273 shows the constructural 
details of a pi-section-type 
antenna voupler. The dia- 
gram appears in Fig. 1274. 
All parts are mounted di- 
rectly on the panel with flat- 
head machine screws. The 
condensers are each sup- 
ported on three ceramic pil- 
lars from National type GS-1 
stand-off insulators. A 34- 
inch 6-82 machine screw is 
inserted in one end of each 
pillar and turned tight. The 
head of the screw is then 
carefully cut off with a hack- 
saw and the protruding quar- 
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ter-inch or so will thread into the 
mounting holes in the end plate of 
the condenser. The shaft is cut off 
about 14-inch from the frame and is 
then fitted with a Johnson rigid in- 
sulated shaft coupling (No. 252). Since 
the coupling will extend 4/1.-inch or so 
beyond the stand-off insulators, a 34- 
inch clearance hole should be cut in 
the panel for each shaft. Alternatively, 
1/,s-inch thick metal washers could be 
used between the panel and each pillar 
to extend the pillar so a clearance hole 
in the panel would not be required. 

Each coil form is supported on 1)4- 
inch cone insulators. The two high- 
voltage blocking condensers C3 are also 
mounted on pillars from GS-1 stand-off 
insulators. A copper clip on a flexible 
lead connected permanently to one end 
of each coil serves to adjust the coil 
inductance by short-circuiting turns. 

Output connections are made to the two 
terminal insulators at the right, while input 
connections are made to the terminals of the 
two voltage blocking condensers, When single- 
wire output is desired, the output terminal 
connected to the condenser rotors is grounded 
and the coil in that side short-circuited,'com- 
pletely by the clip and lead. 

Under most circumstances, the components 
specified will work satisfactorily with trans- 
mitters of 400 or 500 watts input operating at 
plate voltages up to 1500. For higher power, 
the condensers should have greater spacing and 
the coils should be wound with No. 12 or larger 
wire. Couplers for lower power may be,made 





Fig. 1272 — Bottom view of the 450-watt push-pull amplifier, showing the 
position of the grid tank condenser between the two submounted tube sockets 
and the two air padding condensers in place for 1.75-Mc. operation. 
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up in similar fashion with smaller components 
of equal electrical value. 


® COMPLETE 300-TO0-100-WATT PLUG- 
IN-COIL TRANSMITTER OF SMALL 
DIMENSIONS 


The compact exciter and amplifier units of 
Figs. 1265 and 1269 may be combined as a 
complete transmitter. Plate and filament sup- 
ply for the exciter may be obtained from the 
unit of Fig. 1238. Plate voltage for the ampli- 
fier may be obtained either from the unit of 
Fig. 1225 or that of Fig. 1245. A 7.5-volt, 
5-amp. filament transformer may be combined 
on a 64-inch panel with the unit of Fig. 1247 
(minus the VR75 branch) which will furnish 
bias for the amplifier. A 45-volt battery will 
also be required for biasing the 807. 

Suitable antenna tuners, depending upon 
the power input used to the final amplifier are 
those of Figs. 1226, 1249 or 1273. The total 
height of all units, including a 514-inch panel 
for meters for the amplifier, is only 49 inches. 


@ A THREE-STAGE 100-WATT TRANS- 
MITTER FOR FIVE BANDS 


The three-stage transmitter shown in Figs. 
1275, 1277 and 1278 is designed to use a single 
tube of the 1000-volt, 100-ma. class, such as 
the 1628, 809, HY40, or higher-voltage tubes 
at reduced ratings in the output stage. 

Referring to the circuit diagram of Fig. 1276, 
a 6L6, operating at a plate voltage of 400, but 
at reduced input, is used in the Tri-tet oscil- 
lator circuit. A potentiometer in the screen 
circuit provides a means of varying the screen 
voltage and, ultimately, the excitation to the 
final amplifier. The HY65_ buffer-doubler 
circuit is capacitively coupled to the oscillator. 
This second stage makes it possible to obtain 
excitation for the final amplifier in a third band 
from a single crystal, operation in the second 
band being available by doubling frequency in 
the oscillator itself. Parallel plate feed is used 





Fig. 1273 — Pi-section type antenna coupler. All parts are mounted 
on a Presdwood panel 834 in. by 19 in. 
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Fig. 1274 — Diagram of pi-section antenna coupler. 
Ci-Ce2 = on upfds., 0.07-in. spacing (National TMC- 


Li-Le — 26 turns No. 14, 214-in. diameter, 314-in. long 
(National XR10A form wound full). 
C3 — 0.01-ufd. mica., 5000 volts. 


in the second stage to permit series grid feed 
to the final amplifier, thereby avoiding the 
probability of low-frequency parasitic oscil- 
lations. 

The neutralized final amplifier is directly 
coupled to the driver stage. Cg and L; form a 
trap against u.h.f. parasitic oscillation. 

The switch, S, shifts the meter to read oscil- 
lator cathode current, driver screen current, 
driver cathode current, final-amplifier grid 
current and final-amplifier cathode current, 
the individual filament transformers permit- 
ting the independent metering of the cathode 
currents of the last two stages. 

Power Supply — This transmitter is de- 
signed to operate from the combination 1000- 
volt and a 400-volt plate supply pictured in 
Fig. 1279. Both a fixed biasing voltage of 75 
for the HY65 and cut-off bias for the final 
amplifier may be obtained from the unit 
shown in Fig. 1247. For the type 1623, the 
resistances Ro and R3 should be 6000 ohms and 
7000 ohms, respectively. 

Tuning — Coils for the desired output fre- 
quency, consistent with the crystal frequency, 
should be plugged in the various stages, bear- 
ing in mind that frequency may be doubled in 
the plate circuit of the oscillator and again in the 
second stage, if desired. It should also be re- 
membered that the selection of the cathode 
coil, Z;, depends upon the crystal frequency 
and not necessarily the output frequency of 
the oscillator, the same cathode coil 
being used both for fundamental 
and second-harmonic output from 
the crystal stage. Since much better 
efficiencies may be obtained in the 
second stage with the HY65 oper- 
ating as a straight amplifier, it is 
advisable always to avoid doubling 
in this stage whenever conditions 
permit. 

The first two stages should be 
tested first, with all voltages ap- 
plied except the plate voltage for 
the final amplifier. Turning the 
oscillator to resonance with the 
key closed, should cause a slight 
dip in cathode current accompanied 
by an abrupt rise in the screen 


Fig. 1275 — All controls for the 
100-watt five-band transmitter are 
below the chassis level. From left to 
right they are for the oscillator screen- 
voltage potentiometer, the oscillator 
plate tank condenser, the buffer- 
doubler plate tank condenser, the 
meter switch and the final-amplifier 
plate tank condenser. The panel is of 
een rack width and 834 inches 

igh. 


and cathode current of the second stage from 
zero to maximum. Tuning the HY65 plate 
circuit to resonance should produce a good dip 
in cathode current with a simultaneous read- 
ing of maximum grid current to the final 
amplifier. 

The amplifier should now be neutralized and 
tested for parasitic oscillations. The latter is 
done by shifting the final-amplifier plate-volt- 
age lead to the 400-volt tap and turning off 
the bias supply. No plate voltage should be 
applied to the exciter stages. C4 should then be 
varied through its entire range for several 


settings of C3. If at any point a change in the | 


cathode current of the final amplifier is ob- 
served, Cg should be adjusted to eliminate it. 
During this process, plate voltage should not 
be applied for periods sufficiently long to pro- 
duce appreciable heating of the tube. 

Normal operating voltages may now be re- 
placed and the final amplifier tuned up in the 
usual manner. A plate current of 100 ma. will 
indicate normal loading of the final ampli- 
fier. Plate current will be the difference be- 
tween grid and cathode currents under oper- 
ating conditions. With all stages tuned and the 
amplifier loaded normally, the oscillator cath- 
ode current should run between 16 and 30 
ma., HY65 screen current between 6 and 11 
ma., HY65 cathode current between 45 and 70 
ma., HY65 grid voltage between 125 and 260 
volts, oscillator screen voltage between 100 
and 250 volts, and HY65 screen voltage be- 
tween 210 and 250 volts, exact values depend- 
ing upon whether the particular stage in ques- 
tion is operating at the fundamental or dou- 
bling frequency. Excitation should be adjusted 
to keep the amplifier grid current between 20 
and 25 ma., when the grid voltage should 
measure 130 to 150 volts. Power output of 65 
to 75 watts should be obtainable on all 
bands. ~ 

The oscillator circuit may be arranged for 
v.f.o. input as shown in Fig. 1260, if desired. 

If the output stage is to be plate modulated, 
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the plate voltage should be reduced to 750. 
Operating data on other tubes will be found 
in the tables of Chapter Twenty. 


© COMPLETE 100-WATT 5-BAND 
TRANSMITTER 


The transmitter of Fig. 1275 may be com- 
bined in a standard rack with other units to 
form a complete transmitter. Plate voltage 
for oscillator and driver as well as the final- 
amplifier stage may be obtained from the 
duplex supply of Fig. 1279. Bias for both 
driver and final-amplifier stages may be ob- 
tained from the combination unit of Fig. 1247. 
Fixed bias for the HY65 is taken from the 
VR75 branch. A suitable antenna tuner is the 
one shown in Fig. 1216. The larger condensers 
should be used. The total height of the various 
units is 2934 inches, allowing a 7-inch panel 
for the bias supply. 


@ A SINGLE-TUBE 500-W ATT 
AMPLIFIER 


A single-tube amplifier, which may be oper- 
ated at inputs up to 500 watts at voltages as 
high as 8000 is shown in Figs. 1281, 1283 and 
1284. The circuit, shown in Fig. 1282 is strictly 
conventional, with link coupling for both input 
and output. While a type 100TH is shown in 
the photographs, other tubes of similar phys- 
ical size and shape designed to operate at plate 
voltages of 3000 or less may be used in a simi- 
lar arrangement. 

Construction — The two tank condensers 
are mounted, one above the other, in the 
center of the panel by means of isolantite 
pillars from standoff insulators. Four National 
type GS-2 are used to support ‘the plate con- 


- denser, while three type GS-1 are used for 


the grid condenser. Insulated couplings and 
panel bearings must be used in each shaft 
to insulate the controls. One of high break- 
down voltage should be used for the plate con- 
denser and the panel bearings must be grounded. 
The grid tank-coil socket is mounted, with 
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spacers and a small metal plate as a base, to 
the rear end plate of C;. Metal strips, also 
fastened to the end plate, support the input- 
link terminal strip. The insulating condenser, 
C4, is mounted just to the right of Co. 

In the lower right-hand corner (Fig. 1283) 
of the panel is fastened a chassis 914 inches, 
by 5 inches, by 1% inch, on which are mounted 
in line, the filament transformer, the tube and 
the neutralizing condenser. A chassis of simi- 
lar size to the left supports the plate tank coil 
and the output-link terminals. A large feed- 
through insulator in the rear edge of this 
chassis serves as the high-voltage terminal. 
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In wiring, the importance of well-spaced 
leads carrying high voltage cannot be stressed 
too greatly. It must be remembered that the 
arcing distances and break-down capabilities 
of voltages as high as 3000 are considerably 
greater than the lower voltages more com- 
monly used by amateurs. 

Power supply and tuning — The plate 
power supply shown in Fig. 1285 may be used 
with this unit. Bias may be obtained from the 
unit shown in Fig. 1247. For this purpose, the 
VR75 branch may be omitted and a single re- 
sistance of 5000 ohms should be connected 
across the output of the pack with the nega- 


1623 


00000000 
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Fig. 1276 — Wiring diagram of the 100-watt 5-band transmitter. 


Ci — 100 uzfd., mica. 

C2, Cs — 150 pyufd., variable (Na- 
tional ST-150). 

C4 — 100 uufd. per section, 0.05-.in. 
spacing (Hammarlund 


Re — 20,000 ohms, 10-watt. 

Rz — 10,000 ohms, 10-watt. 

Rs, Ro, Rio, Rui, Riz — 25 ohms, 
1-watt. 


t. 
RFC, — 2.5-mh. r.f. choke. 


Cy — Neutralizing condenser (Na- 
tional NC-800). 
Cio — 0.001 ufd., 5000 volts test. 
Ci, Ciz, Ciz, C14, Cis, Cis, Ciz, Cis, 
Cio, C2o — 0.01 ufd. 


HFBD-100-C). 

Cs, Ce — 0.001 ufd., mica. 

C7 — 100 upzfd., mica. 

Cs — 60 uyfd., mica trimmer (two 
National M-3@ in parallel). 


Li — 1.75-Me. crystals — 32 turns No. 24 d.s.c., close- 
wound. fos 
3.5-Mc. crystals —9 turns No. 22, l-in. long; 
100-nufd. mica condenser mounted in form, 
connected across winding. 
7-Me. crystals — 6 turns No. 22, 5%-in. long. 
All above wound on Hammarlund 1)4-in. diame- 
ter forms. 
La, Lg —1.75 Mc. — 56 turns, 114-in. diam., 134-in. 
long, 54 zhy. (National AR80, no link). 
3.5 Mc. — 28 turns, 114-in. diam., 114-in. long, 
15 why. (National AR 40, no link). 
7 Me. — 14 turns, 114-in. diam., 114-in. long, 4.2 
uhy. (National AR20, no link). 
14 Mc. — 8 turns, 114-in. diam., 1}4-in. long, 1.25 
phy. (National AR10, no link). 
8 Mc. — 4 turns, l-in. diam., 34-in. long, 0.5 
uhy. (National AR5, turns closed up, no link). 
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Ri — 0.1 meg., 4-watt. 

Rez — 300 ohms, 1-watt. 

R3 — 20,000-ohm, 10-watt potenti- 
ometer (Mallory EZOMP). 

Ra — 25,000 ohms, 10-watt. 

Rs — 50,000 ohms, 1-watt. 


RFCz — 1-mh., 300-ma. r.f. choke 
(National R-300U). 

S — Double-gang, 5-circuit switch 
(Mallory 3226J). 

Ti, Te — Filament transformer, 6-3- 

volt, 3-amp. (UTC S-55). 

Ls — 1.75 Me. — 40 turns No. 18, 214-in. diam., 214-in. 
long, 78 why. (B & W 160 BCL). An 80-yfd. 
fixed air padder (Cardwell JD-80-OS) is used 
with this coil. It may be placed in the right-rear 
corner of the chassis and attached to the out- 
side coil terminals with flexible leads and 
clips. 

3.5 Mc. — 32 turns No. 16, 2)4-in. diam., 234-in. 
long, 39 why. (B & W 80 BCL). 

7 Mc. — 20 turns No. 14, 2-in. diam., 214-in. long, 
12 why. (B & W 40 BCL). 

14 Mc. — 8 turns No. 14, 2-in. diam., 2-in. long, 
2.5 why. (B & W 20 BCL). Remove one turn 
each end. 

28 Mc. — 4 turns No. 12, 2-in. diam., 134-in. long, 
0.7 why. (B & W 10 BCL). Remove one turn 
each end. 

Ls — 5 turns No. 14, 4-in. diam., }4-in. long. 


Fig. 1277— Compo- 
nents on top of the chassis 
of the 100-watt transmit- 
ter are well spaced. The 
cathode coil, Li, the 6L6 
and the crystal are in line 
at the right-hand end of 
the chassis. The HY65 is 
mounted horizontally on a 
small panel which also 
provides mounting space 
for the filament and 
screen by-pass condensers, 
the coupling condenser, 
Cz, the grid leak, Rs, and 
the grid choke. Le is just 
to the left of the 6L6 and 
to the right of Ce under- 
neath. Lg is at the center 
at right angles to Le and 
La and just to the rear of 
Cs underneath. The 1623 
socket is submounted to 
lower the plate terminal 
with the neutralizing con- 
denser immediately in 
front. RFC2 is just to the 
left of La. The two fila- 
ment transformers are 
mounted on the rear edge. 





tive biasing lead connected to the extreme 
negative end of this resistance. 

The transmitter shown in Fig. 1275 should 
provide sufficient excitation. Fig. 1282 shows 
milliammeters connected in grid and plate 
leads. These meters are not included in the 
unit. They should be mounted in a separate 
well-insulated panel protected with a glass 
cover (see Fig. 1294). 

An amplifier operating at high voltage 
should always be tuned up, after neutralizing, 
at reduced voltage, which may be obtained by 
connecting a lamp bulb in series with the pri- 
mary of the plate transformer. Coupling be- 
tween the exciter and the amplifier should be 
adjusted so that the grid current does not ex- 
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Fig. 1278 — Under- 
neath the 8-inch, by 17- 
inch, by 3-inch chassis of 
the 100-watt transmitter 
the three tank condensers 
are mounted. Ce to the 
right and Cg at the center 
are insulated from the 
chassis with National poly- 
styrene button insula- 
tors. C4 to the left is like- 
wise insulated and spaced 
from the chassis to bring 
all shafts at the same 
level. Leads to the coils 
immediately above the 
tank condensers, passing 
through large clearance 
holes lined with grom- 
mets, are short. 

Meter-shunting _resist- 
ances are soldered di- 
rectly to the switch termi- 
nals. The oscillator screen 
potentiometer at the right 
is insulated from the chas- 
sis with extruded bakelite 
washers. The u.h.f. parasitic trap is suspended in the 
amplifier grid lead to the left of C3. Insulating couplings 
and panel-bearing assemblies are required for C2 and C3. 


ceed 40 to 50 ma. with the amplifier tuned and 
loaded to the rated plate current of 167 ma. 
Power output of 225 to 300 watts should be ob- 
tainable on all bands at plate voltages from 


2000 to 3000. 


The tube tables of Chapter Twenty should 
be consulted for the operation of other tubes. 


® PUSH-PULL 1-KW. AMPLIFIER 


The push-pull amplifier shown in the photo- 
graphs of Figs. 1286, 1288 and 1289 is capa- 
ble of handling a power input of 1000 watts 
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Fig. 1280 — Circuit diagram of the combination 1000- 
and 400-volt power supply. 

Ci, C2 — 2 ufd., 1000-volt (Mallory TX805). 5 

C3 — 4 ufd. electrolytic, 600-volt working (C-D 604). 

C4 — 8 ufd. electrolytic, 600-volt working (C-D 608). 

Li, L3 — 5/20 hy. swinging choke, 150-ma. (Thordarson 
T19C39). 

Lez, La — 12 hy. smoothing choke, 150-ma. (Thordarson 
T19C46). 

Ri — 20,000 ohms, 75-watt. 

Re — 20,000 ohms, 25-watt. 

Ti — High-voltage transformer, 1075 and 500 volts 
r.m.s. each side of center, 125- and 150-ma. 
simultaneous current rating (Thordarson 
T19P57). 

Te — Filament transformer, 2.5 volts, 5-amp. (Thordar- 
son T19F88). 

Ts — Filament transformer, 5 volts, 4-amp. (Thordar- 
son T63F99), 


for c.w. operation or 900 watts with plate 
modulation. 

The circuit is shown in Fig. 1287. Plug-in 
coils with fixed links are used in the grid cir- 
cuit, while the output-coil mounting is pro- 
vided with variable-link coupling. L3C3 and 
L4C, form traps against u.h.f. parasitic oscilla- 
tion. A multi-section plate tank condenser 
provides a low-minimum capacity for opera- 
tion at the higher frequencies and a high 
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Fig. 1279— This power 
supply makes use of a com- 
bination transformer and dual 
filter system delivering 1000 
volts at 125 ma. and 400 volts 
at 150 ma. simultaneously. 
The circuit diagram is shown 
in Fig. 1280. The 1000-volt 
bleeder resistance is mounted 
on the rear edge of the chassis 
with a protective guard made 
of a piece of galvanized fenc- 
ing material to provide venti- 
lation. Millen safety terminals 
are used for the two high- 
voltage terminals. Ceramic 
sockets should be used for the 
866 jrs. The chassis measures 
8 inches, by 17 inches, by 3 
inches and the standard-rack 
panel is 834 inches high. 


+ maximum for the lower frequencies. 
= Construction— The plate tank 
condenser is mounted on 114-in. cone 
insulators. The rotor is grounded 
through a high-voltage fixed con- 
denser at the front end of the con- 
denser. The shaft is cut off and is fitted with a 
large isolantite flexible shaft coupling. This is 
important since the rotor is at high voltage. A 
panel-bearing assembly is fitted in the panel. 
The jack bar for the plate tank coil is mounted 
on a pair of angle brackets fastened to the con- 
denser end plates. Two 300-ma. r.f. chokes in 
parallel are used with one connected between 
each condenser end plate and the center con- 
nections of the coil jack bar. The positive high 
voltage comes up through the chassis through 
a feed-through insulator at the rear of the con- 
denser. 

The grid tank condenser is mounted on 5-in. 
cone insulators topped with spacers to bring 
its shaft up level with that of the plate tank 
condenser. The two condensers are mounted 
with their shafts 314 in. from the chassis 
edges. The jack bar for the grid tank coil is 
mounted on ‘‘U’’-shaped brackets made from 
14-in.-wide brass strip and these, in turn, are 
mounted on 2-in. cone insulators. The rotor of 
the condenser is grounded to the chassis at the 
center. The grid r.f. choke is mounted on a 
feed-through insulator carrying the biasing 
voltage up through the chassis. The grid by- 
pass condenser is soldered between the top of 
the choke and the rotor ground connection. 

The two tubes are mounted centrally in re- 
spect to the two tank condensers with the 
neutralizing condensers between the tubes and 


the grid tank condenser. The sockets 
for the tubes are sub-mounted be- 
neath the chassis on 5-in. spacers to 
bring the plate terminals lower. The 
parasitic-trap condensers and coils 
are self-supporting and are fastened 
to the heat-radiating plate connectors. 

Underneath the filament trans- 
former is mounted and the filament 
by-pass condensers are wired directly 
at the sockets. Millen safety ter- 
minals are provided for the positive- f[ 
high-voltage and negative-bias ter- "| 
minals. A male plug is set in the rear 
edge of the chassis for the 110-volt 
connection to the filament trans- 
former. 

Power supply — A suitable plate- 
supply unit for this amplifier is shown 
in Fig. 1285. For bias, the unit shown 
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Fig. 1282— Circuit diagram of the 

single-tube amplifier. 

C1 — 250 wufd. variable, 0.047-in. spacing (National 
TMK-250). 

Cz — 100 upfd. per section, 0.171-in. spacing (National 
TMA-100-DA). 

C3 — Neutralizing condenser (National NC-800). 

C4 — High-voltage insulating condenser, 0.001 uwfd., 
12,500-volt (Cornell-Dubilier 21A-86). 

Cs, Ce, C7 — 0.01 pfd. 

RFC — 1-mh. r.f. choke, 300-ma. (National R300U 
mounted on GS-1] insulator). 

T — Filament ee — 5 volts, 8-amp. (Thordar- 
son T-19F84). 

Li — 3.5 Mc. — 26 turns No. 16, Te eh diam., 214-in. 
long, 3-turn link (B & W JCL4 0). 

7 Mc. — 16 turns No. 16, ba twat 1%-in. 
long, 3-turn link (B & W JC 

14 Mc. — 8 turns No. 16, Vein Alaa 1%-in. 
long, 3-turn link (B & W JCL-10). 

28 Mc. — 6 turns No. 16, ae diam., 114-in. 
long, 2-turn link (B & W JCL-10, 1 ‘urn re- 
moved from each end). 

Le — 3.5 Me. — 26 turns No. 12, ae diam., 414-in. 
long, 2-turn link (B & WTC L-80). 

7 Mc. — 22 turns No. 12, 2¥4-in, diam., 414-in. 
long, 2-turn link (B & W TC 40). 

14 Mc. — 12 turns No. 12, 24 diam., 414-in. 
long, 2-turn link (B & W TCL-2 0). 

Mc. — 6 turns %-in. copper tubing, 2%-in. 
diam., 44-in. long, 2-turn link (B & W TCL-10). 
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Fig. 1281 — A single-tube amplifier for high voltages and inputs 
up to 500 watts. The panel is 1214 inches high. 


in Fig. 1248 is suggested. The branch 
including the VR75 may be omitted 
and resistance values for Rg and R3 
should be approximately 2000 and 
2500 ohms, respectively. The trans- 
mitter shown in Fig. 1275 will fur- 
nish more than adequate excitation. 

Tuning — The only departure from ordi- 
nary procedure in tuning is that of adjusting 
the parasitic traps. The trap condensers should 
be set near maximum capacity, but not screwed 
up tight. After the amplifier has been neutral- 
ized, a bias of about 2214 volts should be ap- 
plied to the grid and the plate voltage applied 
through a 2500-ohm resistance. With any pair 
of coils plugged in, the plate current should not 
vary with any setting of grid or plate con- 
densers. If the plate current changes suddenly 
at any point, the trap condensers should be ad- 
justed equally until the change disappears. The 
trap condensers should be set as near maximum 
capacity as possible consistent with parasitic 
suppression. If the r.f. wiring has been followed 
carefully, the initial adjustment of the traps 
described above should be sufficient. 

After the above adjustment is complete, 
excitation may be applied and the amplifier 
loaded. The high-capacity sections of the 
plate condenser are required only for the 3.5- 
Me. band. 

Grid current should run 100 ma. on all bands 
and the amplifier may be loaded until the 
plate current increases to 500 ma. when the 
output at 2000 volts should be approximately 


‘750 watts. 


© COMPLETE HIGH-POWER 
TRANSMITTERS 


The 100-watt transmitter of Fig. 1275 may 
be used as a driver for either of the high-power 
amplifiers shown in Figs. 1281 and 1286. In 
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Fig. 1283 — Rear view of the high-power single-tube amplifier, showing ar- 


rangement of components. 


addition to the power-supply units of Figs. 
1247 and 1279 required for the exciter, an ad- 
ditional bias supply for the high-power ampli- 
fier will be necessary. With either amplifier, a 
second unit similar to that of Fig. 1247, minus 
the VR-tube branch will be satisfactory. Plate 
voltage for either amplifier may be obtained 


from the unit shown in Fig. 1285. The antenna 
tuner may be similar to the one shown in Fig. 
1249 with a condenser with plate spacing of 
0.1 inch and coils of higher-power rating. 

If the amplifier of Fig. 1281 is chosen, the 
combined heights of all units will be 66% 
inches, allowing 7 inches for the two bias sup- 





Fig. 1284 — Bottom view of the 500-watt single-tube amplifier. 
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Fig. 1285 —This unit delivers 2025 and 2480 volts at 
full-load current of 450 ma. with a ripple of 0.5% and 
regulation of 19%. Voltages are selected by taps on the 
secondary. All exposed high-voltage terminals are cov- 
ered with Sprague rubber safety caps and the tube 
plate terminals with moulded caps. The rectifier tubes 
are placed away from the plate transformer to avoid 
induction troubles. The panel is 14 inches, by 19 inches 
and the chassis 13 inches, by 17 inches, by 2 inches. The 
exposed high-voltage terminal should be covered with a 
rubber-tubing sleeve. 

The circuit is the same as that shown in Fig. 1246 
with values as follows: 

Ci — 1 pfd., 2500 volts (G.E. Pyranol). 

Co — 4 ufd., 2500 volts (G.E. Pyranol). 

Li — Input choke, 5-20 hy., 500 ma., 75 ohms (Thor- 
darson T19C38). 

Le — Smoothing choke, 12 hy., 500 ma., 75 ohms 
(Thordarson T19C45). 

R — 50,000 ohms, 200 watts. 

Tri — 3000-2450 volts, r.m.s. each side of center, 500 
ma. d.c. (Thordarson T19P68). 

Tre — 2.5 volts, 10 amp., 10,000-volt insulation (Thor- 
darson T64F33). 

Note: Regulation may be improved by the use of a 
lower bleeder resistance at some sacrifice in maximum 
load current. 


plies combined, 514 inches for a meter panel 
for the final amplifier and 1014 inches for the 
antenna tuner. 

If the push-pull amplifier of Fig. 1286 is 
selected, the total height will be 134 inch 
greater or 6814 inches. 


eA PRACTICAL VACUUM-TUBE KEYER 


Fig. 1290 shows a practical vacuum-tube 
keyer. The circuit diagram is shown in Fig. 
1291. 71, the rectifier, C; and R&; form the 
power supply section for producing the block- 
ing voltage necessary for cutting off 
the keyer tubes. With only Re in the 
circuit and Swe in the open position, 
there will be no lag. As Swe is turned 
to introduce more capacity in the cir- 
cuit, keying characteristics are ‘‘soft- 
ened” at both make and break. Add- 
ing resistance, by turning Sw; to the 
right affects the ‘‘break’”’ only. The 
use of high resistances and small 
capacities results in small demand 
on the power supply and makes the 
key absolutely safe to handle. 

As many 45s in parallel as desired 
may be added. The voltage drop 
through a single tube runs from 90 
volts at 50 ma. to 52 volts at 20 ma. 
Tubes in parallel will reduce the 
drop in proportion to the number of 
tubes used in parallel. If rated volt- 
age is important in the operation of 
the keyed circuit, the drop through 
the keyer tubes must be taken into 
consideration and the transmitter 
voltage boosted to compensate for 
the drop. 

When connecting the output ter- 
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minals of the keyer to the circuit to be keyed, 
care should be used to connect the grounded 
output terminal to the negative side of the 
keyed circuit. 


@ RACK CONSTRUCTION 


Most of the units described in the construc- 
tional chapters of this handbook are designed 
for standard rack mounting and, therefore, the 
assembly of a selected group of units to form a 
complete transmitter is a relatively simple 
matter. While standard metal racks are avail- 





Fig. 1288 — Rear view of the 1-kw. amplifier showing wiring and 
placement of parts. 
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Fig. 1287 — Circuit diagram 
for the 1-kw. push-pull amplifier. 
Ci — 150. pyfd. per section, 

0.05-in. spacing (Johnson 
150FD20). 

Cz — Multi-section, max. capac- 
ity 228 uufd. per section, 
0.84-in. spacing (Card- 
well XE-160-70-XQ). 

Cs, C4 — 30-uufd. mica trimmer 
condensers with isolan- 
tite insulation (Millen 
28030). 

Cs, Ce — Neutralizing condensers 
(Johnson N250). 

C7 — 0.01 pfd. paper, 600-volt. 

Cs — 0.001 p»fd., mica, 10,000- 
volt (Aerovox 1624). 

Co, Cio — 0.01 yfd. paper. 

RFC; — 2.5-mh. r.f. choke. 
RFC2 — 1-mh., 300-ma. r.f. choke 
(National R-300). 

T: — 10-volt, 10-amp. filament 
transformer (Thordarson T19F87). 

Li — 1.75 Mc. — 42 turns No. 14, 3 in. long, 314 in. 
diam. (110 uhy.) 

3.5 Mc. — 32 turns No. 16, 234 in. long, 214 in. 
diam. (40 uhy.) (B & W 80BL). 

7 Mc. — 20 turns No. 14, 214 in. long, 2 in. diam. 
(12 why.) (B & W 40BL). 

14 Mc. — 10 turns No. 14, 214 in. long, 2 in. diam. 
(3 why.) (B & W 20BL). 

28 Mc. — 6 turns No. 12, 214 in. long, 2 in. diam. 
(1 phy.) (B & W 10BL). 

Le — 1.75 Me. — 48 turns No. 14, 634 in. long, 31 in. 
diam. (90 nhy.) (B & W 160HDVL). 


Oo 
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able on the market, many amateurs prefer to 
build their own from less expensive wood stock. 
With a little care, an excellent substitute can 
be made. 

The plan of a rack of standard dimensions is 
shown in Fig. 1292. The rack is constructed 
entirely of 1’ X 2’ stock of smooth pine, 
spruce or redwood, with the exception of the 





Fig. 1286 — The panel for the 1-kw. push-pull amplifier is 14 
inches high by 19 inches wide. 
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3.5 Mc. — 32 turns No. 10, 634 in. long, 3% in 
diam. (40 why.) (B & W 80HDVL). 

7 Mc. — 20 turns No. 8, 63% in. long, 314 in. diam. 
(15 why.) (B & W 40HDVL). 

14 Mc. — 8 turns No. 8, 434 in. long, 3% in. diam. 
(3 why.) (B & W 20HDVL with one turn re- 
moved from each end. 

28 Mc. — 4 turns 3 /16-in. copper tubing or No. 4 
wire, 514 in. long, 234 in. inside diam. (0.8 
uhy.) (B & W 10HDVL with one turn removed 
from each end). 

Ls, Ls 7 6 turns No. 12, 4-in. inside diam., 34 in. 
ong. 


trimming strips, M, N, O and P. Since the ac- 
tual size of standard 1” X 2’ stock runs appre- 
ciably below these dimensions, a much sturdier 
job will result if pieces are obtained cut to the 
full dimensions. 

The two main vertical supporting members 
are each comprised of two pieces (A and B, and 
I and J) fastened together at right angles. 
Each pair of pieces is fastened to- 
gether by No. 8 flat head screws, 
counter-sunk. 

Before fastening these pairs to- 
gether, pieces A and J should be 
made exactly the same length and 
drilled in the proper places for the 
mounting screws, using a No. 30 drill. 
The length of pieces A, J, B and J 
should equal the total height of all 
panels required for the transmitter 
plus twice the sum of the thickness 
and width of the material used. If 
the dimensions of the stock are ex- 
actly 1’ < 2’’, then 6’’ must be added 
to the sum of the panel heights. An 
inspection of the top and bottom of 
the rack in the drawing will reveal 
the reason for this. The first mount- 
ing hole should come at a distance of 
4%" plus the sum of the thickness 
and width of the material from either 
end of pieces A and J. This distance 
will be 314” for stock exactly 1” x 
2’’". The second hole will come 144” 





Fig. 1289 — The tube sockets of the 1-kw. amplifier 
are sub-mounted. The filament transformer is mounted 
near the sockets. The chassis is 13 inches by 17 inches. 
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from the first, the third 14” from the second, 
the fourth 114” from the third and so on, alter- 
nating spacings between 14”’ and 114” (see 
detail drawing D, Fig. 1292). All holes should 
be placed 34’’ from the inside edges of the 
vertical members. 

The two vertical members are fastened to- 
gether by cross-member K at the top and Z at 
the bottom. These should be of such a length 
that the inside edges of A and J are exactly 
174%” apart at all points. This will bring the 
lines of mounting holes 1814” center to center. 
Extending back from the bottoms of the ver- 
tical members are pieces G and D connected 
together by cross-members ZL, Q and £, forming 
the base. The length of the pieces D and G will 
depend upon space requirements of the largest 
power supply unit which will rest upon it. The 
vertical members are braced against the base 
by diagonal members C and H. Rear support 
for heavy units placed above the base may be 


Keyed Circuit 


+ 


Fig. 1291 — Wiring diagram of a practical tube keyer. 


Ci — 2 pfd., 600-volt paper (don’t use electrolytic). 
Cz — 0.003-ufd. mica (0.001 and 0.002 in parallel if 
necessary). 





Fig. 1290 — This vacuum-tube keyer is built up on a 
T-inch by 9-inch chassis. There is space for four or more 
keyer tubes and the power-supply rectifier. The re- 
sistances and condensers which produce the lag are 
mounted underneath, controlled by the knobs at the 
right. The jack is for the key, while the terminals at the 
left are for the keyed circuit. 


C3 — 0.005-yfd. mica. 

Ri — 0.25 megohm, 

Re — 50,000 ohms, 10-watt. 

Rs, Ra — 5 megohms. 

Rs — 0.5 megohm. 

All resistors 1-watt unless otherwise mentioned. 

Swi, Swe — 3-position 1-circuit rotary switch. 

T: — 325 volts each side c.t., with 5-volt and 2.5-volt 
windings (Thordarson T13RO1). 

If desired, more degrees of lag may be obtained by 
using rotary switches with more points and more re- 
sistors and condensers. Suggested values of capacity, 
in addition to the above (C2 and C3), are 0.001 and 0.002 
pid. From Ro, resistors would run 2 megohms, 2 me- 
gohms, 3 megohms and 5 megohms. 


provided by mounting angles on the insides 
of C and 4H, or by connecting them with 
cross-members at suitable heights as shown 
at F. 

To finish off the front of the rack pieces of 
"oak strip (MV, N, O, P) are fastened around 
the edges with small-head finishing nails. The 
heads are set below the surface and the holes 
plugged with putty or plastic wood. They 


_ should be of such a width that the top and 


bottom edges of O and P respectively should 
be 14” from the first mounting holes and the 
distance between the inside edges of the ver- 
tical strips, N and P, 19}4.5”. 

To prevent the screw holes from wearing out 
when panels are changed frequently, 14” x 
yi,” or 14,” thick iron or brass strip may be 
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used to back up the vertical members of the 
frame. 

The outside surfaces should be sandpapered 
thoroughly and given one or two coats of flat 
black finish, sandpapering between coats. A 
finishing surface of two coats of glossy black 
“Duco” is then applied, again sandpapering 
between coats. It is important to allow each 
coat to dry thoroughly before applying the 
next, or sandpapering. 

Since the combined weights of power sup- 
plies, modulator equipment, etc., may total to 


a surprising figure, the rack should be provided 
with rollers or wheels so that it may be moved 
about when necessary after the transmitter has 
been assembled. For this purpose, ball bearing 
roller-skate wheels are excellent. 

Standard chassis are 17 inches wide. Stand- 
ard panels are 19 inches wide and multiples of 
134 inches high. Panel mounting holes start 
with the first one at 14-inch from the edge of 
the panel, the second 114 inches from the first, 
the third 4 inch from the second, the fourth 
114 inches from the third and the distances be- 
tween holes from there on 
alternate between 14 inch 
and 114 inches. (See detail 
D, Fig. 1292.) In a panel 
higher than two or three 
rack units (134 in.), it is 
common practice to drill 
only sufficient holes to pro- 
vide a secure mounting. All 
panel holes should come % 
inch from each edge. 


® METERING 


Various methods of me- 
tering are shown in Fig. 
1293. A shows the meters 
placed in the high-voltage 
plate and bias circuits. My 
and Mare for plate current 
and M3 and Mg for grid 
current. When more than 





























Starting holes 
for wood screws 


one stage operates from the 
same plate-voltage or bias- 
voltage supply, each stage 
may be metered as shown. 
If this system of metering 
is used, the meters should be 
mounted so that the meter 
dials are not accessible to 
accidental contact with the 
adjusting screw. One meth- 
od of mounting is shown in 
Fig. 1294 where the meters 
are mounted behind a glass 
panel. 

When plate milliammeters 
are to be mounted on metal 
panels, care must be taken 
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to see that the insulation is 
sufficient to withstand the 
plate voltage. Metal case 
instruments should not be 
mounted on a grounded 
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Fig. 1292 — The standard rack. A — Side view, B — Front view, C — Top 
view, D — Upper right hand corner detail, E — Panel and chassis assembly, 
F, G, H — Various types of panel brackets, I — A substitute for the metal 


chassis. 
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in potential between the 
meter and panel is more 
than 300 volts; instruments 
with bakelite cases can be 
used under similar circum- 
stances at voltages up to 


1000. At higher voltages an insulating panel 
should be used. 

The placing of meters at high-voltage points 
in the circuit may be overcome by the use of 
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Fig. 1293 — Various methods of metering grid and 

plate currents. A — High-voltage metering. B — Cath- 
ode metering. C — Shunt metering. 


connections shown in Fig. 12938-B and -C. The 
disadvantage of the arrangements of B is that 
the meter reads total cathode current and grid 
and plate currents cannot be metered indi- 
vidually. This disadvantage is overcome in C 
where the meters are connected across low re- 
sistances in grid and plate return circuits. M1 
reads grid current and M2 plate current. The 
resistance should be of a value of not less 

Subpanel 
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Fig. 1295 — Method of switching a milliammeter to 
various circuits with a two-gang switch. The control 
shaft should be well insulated from the contacts and 
grounded. The resistances should be ten to twenty times 
the resistance of the meter; 20 ohms will usually be 
satisfactory. 


than 10 to 20 times the resistance of the meter 
and should be of sufficient power rating so that 
there will be no possibility of resistor burn-out. 
If desired, the resistance values may be ad- 
justed to form a multiplier scale for the meter 
(see Chapter Eighteen). The same principle is 
used in the meter switching system of Fig. 1295. 
Meters may also be shifted from one stage to 
another by a plug and jack system, but this 
system should not be used unless it is possible 
to ground the frame of the jack or unless a 
suitable guard is provided around the meter 
jacks to make personal contact with high volt- 
ages impossible in normal use of the plug. 


®@ CONTROL CIRCUITS 


Proper arrangement of controls is important 
if maximum convenience in operation is de- 
sired. If the transmitter is to be of fairly high 
power, it is desirable to provide a special serv- 
ice line directly from the meter board to the op- 
erating room. This line should be run in con- 
duit or BX cable with conductors of ample 
size to carry the load without undue voltage 
drop. The line should be terminated with an 
enclosed entrance switch properly fused. 


FRONT VIEW 


Fig. 1294 — Safety panel for meters. The meters are mounted in the usual manner on an insulating sub-panel 
‘ spaced back of 4 glass-covered opening in the front panel. The glass is fastened in place with metal clamps or tabs 
fastened ta the front panel with small screws or pins. The front panel is of standard size 19 in. by 5) in. 
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Fig. 1296 shows the wiring diagram of a 
simple control system. It will be noticed that, 
because the control switches are connected in 
series, none of the high-voltage supplies may 
be turned on until the filament switch has 
been closed and that the high-power plate sup- 
ply cannot be turned on until the low-power 
plate supply switch has been closed, and also, 
that the modulator power cannot be applied 
until the final-amplifier plate-voltage has 
been applied. SWs places a 100- to 300-watt 
lamp (Z,) in series with the primary winding 
of the high-voltage plate transformer for use 
during the process of preliminary tuning and 
for local c.w. work. The final amplifier should 
be tuned to resonance first at low voltage and 
then SWs is closed, short-circuiting the lamp. 
Experience will determine what the low-volt- 
age plate-current reading should be to have it 
increase to full-power value when SWs is 
closed so that the proper antenna coupling and 
tuning adjustments may be made at low 
voltage. 

Preferably, SW3 should be of the push- 
button type which remains closed only so long 
as- pressure is applied. A switch of this type 
provides one of the simplest and most effective 
means of protection against accidents from 
high voltage. In the form which is usually con- 
sidered most convenient, it consists of a switch 
which may be operated by pressure of the foot 
and is located underneath the operating table. 
When used in this manner, it means that the 
operator must be in the operating position, well 
removed from danger, before high voltage may 
be applied. If desired, SW3e may be placed on 
the front of the transmitter panel so that it may 
be used while tuning the transmitter. SW3a 
should, of course, be of the push-button type 
also. 
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Fig. 1296 — Station 
control system. With all 
switches except SWs 
closed, SWs serves as the 
main control switch. 
SWi— Enclosed en- 
trance switch. SW2 — 
Filament switch. SW3 
F — Low plate-voltage 
and main control switch. 
(See text.) SWa — High 
plate-voltage switch. 
SWs — Low-power and 
tune-up switch. (See 
text.) SW1— Modula- 
tor plate-voltage switch. 
F— Fuse. L— Warn- 
ing light. L — Voltage- 
reducing lamp. (See 
text.) 


In more elaborate installations, and in re- 
mote control systems, similarly arranged 
switches control relays whose contacts serve to 
do the actual switching at the transmitter. 

Two strings of utility outlets are connected, 
one on each side of the entrance switch, for 
operation of the receiver and such accessories 
as monitor, lights, electric clock, soldering iron, 
etc. Closing the entrance switch should close 
those circuits which place the station in readi- 
ness for operation. SW. and SW4 are normally 
closed and SW3 open. When SW, is closed 
upon entering the operating room, the trans- 
mitter filaments are turned on as well as the 
receiver which should be plugged into line No. 
2. With SW, closed (also SWs5 and SWe), SW3 
performs the job of turning all plate-supplies 
on and off during periods of transmission and 
reception. Continuously operating accessories, 
such as the clock, should be plugged into line 
No. 1 so that it will not be turned off when 
SW, is opened. Line No. 1 is also of use for 
supplying a soldering iron, light, etc., when it is 
desired to remove all voltage from the trans- 
mitter by opening SW}. 


© ANTENNA SWITCHING 


As pointed out in later chapters it is desira- 
ble, particularly in DX work, to use the same 
antenna for transmitting and receiving. This 
requires switching of antenna from transmitter 
to receiver. One of two general systems may be 
employed. In the first, the transmitter and re- 
ceiver are each provided with an antenna 
tuner and the antenna transmission line is 
switched from one to the other. In the second 
system, one antenna tuner is provided for each 
antenna and the switch is in the low-impedance 
coupling line. Several arrangements are shown 
in Fig. 1297. The high voltages which develop 
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Fig. 1297 — Antenna 
switching systems. A — Tuned feeders 


For tuned lines with 
separate antenna tuners 
or low impedance line. 
B — For voltage-fed an- 
tenna. C—For tuned 
line with single tuner. 
D — For voltage-fed an- 
tenna with single tuner. 
E — For two tuned-line 
antennas with tuner for 
each antenna or for low- 
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on tuned lines require switches and wiring with Grounds — With chassis construction, 


good insulation. Frequently relays with low- 
capacity contacts are substituted for the hand- 
operated switches. Either way is satisfactory. 


@ SAFETY PRECAUTIONS 


The following excerpts are taken from the 
ARRL safety code: 


Master Switch — There should be one 
powerline switch, in a conspicuous and 
easily-accessible location on or near the 
transmitter, which controls all power to the 
transmitter. 

Keys— The arm of the telegraph key 
should be grounded in every case. In keying 
circuits which do not permit a direct ground 
on the key, a suitably-insulated relay should 
always be used. Live parts of the key should 
be protected from accidental bodily contact 
by suitable covers or barriers. 

Relays — Relays should be provided with 
covers, or installed in such fashion that ac- 
cidental closing by mechanical means can- 
not occur. 

Terminals — Exposed terminals and tube 
caps should be protected by insulating coy- 
erings. Barriers should be placed over ex- 
posed transformer terminal boards. 


all negative terminals of plate-voltage sup- 
plies and positive terminals of bias supplies 
should be connected to chassis and to a good 
ground. Chassis should be connected to- 
gether and to the rack, frame or cabinet, if 
of metal, 

With breadboard construction, negative 
terminals of plate-voltage supplies and posi- 
tive terminals of bias supplies should be 
connected together.and to a good ground. 

Cases and Cores — Transformer and choke 
cores, cases and other metal work not nor- 
mally a part of the electrical circuit should 
be grounded. 

Power Supply Enclosures — Power sup- 
plies should be so enclosed or constructed, 
or so located, that accidental bodily contact 
with power circuits is impossible when ad- 
justments are being made to r.f. or audio 
units. 

Bleeders — A bleeder resistor should be 
connected across the d.c. output terminals 
of each rectified a.c. power supply. 

H. V. Leads — High-voltage leads should 
be a good grade of high-tension wire insu- 
lated for at least two to three times the peak 
operating voltage. 
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EN MANY RESPECTS the arrangement 
of components is less critical in audio than in 
r.f. equipment; nevertheless certain principles 
must be observed if difficulties are to be 
avoided. The selection of suitable modulation 
equipment for any of the transmitters in the 
preceding chapter is not difficult if the funda- 
mental principles of modulation as described 
in Chapter 5 are understood. If the transmitter 
is to be plate-modulated and the power input 
to the modulated stage is to be of the order of 
100 watts and higher, a Class-B modulator 
will invariably be selected. A pair of modulator 
tubes of any type capable of the required 
power output may be used. The tables at the 
end of this chapter give the necessary informa- 
tion on the most popular tube types. The grid 
driving power requirements also are given, so 
that from that point on the speech amplifier 
tube line-up may be selected according to the 
principles outlined in Chapter 5. 

The apparatus to be described is represent- 
ative of current design practice for speech 
amplification, with various output levels to 
drive high- and low-power Class-B modulators. 
In some cases the power output will be suffi- 
cient to modulate low-power transmitters 
directly, without additional power amplifi- 
cation. Also, practically any of the speech 
amplifiers shown can be used to grid-modulate 
transmitters up to the highest power input 
permitted in amateur transmitters. 

Speech-amplifier equipment, especially volt- 
age amplifiers, should be constructed on metal 
chassis, with all wiring below the chassis to 
take advantage of the shielding afforded. Ex- 





Fig. 1301 — Relay-rack mounting amplifier with 3-watt output. 
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posed leads, particularly to the grids of low- 
level, high-gain tubes, are likely to pick up 
hum from the electrostatic field which usually 
exists in the vicinity of house wiring. Even 
with the chassis, additional shielding of the 
input circuit of the first tube in a high-gain 
amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power supply transformers and 
chokes, and also from audio transformers op- 
erating at fairly high power levels, to prevent 
magnetic coupling to the grid circuit which 
may cause hum or audio-frequency feedback. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting 
cable, and the plug or connector by which it is 
attached to the speech amplifier all should be 
shielded. The microphone and cable usually 
are constructed with suitable shielding. The 
cable shield should be connected to the speech 
amplifier chassis, and it is advisable — as well 
as frequently necessary —to connect the 
chassis to a ground such as a water pipe. 
Heater wiring should be kept as far as possible 
from grid leads, and either the center-tap or 
one side of the heater transformer secondary 
winding should be connected to the chassis. 
In a high-gain amplifier the first tube prefer- 
ably should be of the type having the grid 
connection brought out to a top cap rather 
than to a base pin, since in the latter type the 
grid lead is exposed to the heater leads inside 
the tube and hence will pick up more hum. 
With the top-cap tubes, complete shielding of 
the grid lead and grid cap is a necessity. 

The units shown in the chapter have been 
designed to give the required power 
output as simply and economically 
as possible while observing good 
design principles. 


® ECONOMICAL 3-WATT 
SPEECH AMPLIFIER 


The amplifier of Figs. 1301-1303 
is designed for use with crystal and 
velocity microphones or for carbon 

-Single- and double-button micro- 
phones, depending upon the circuit 
chosen. It may be used for grid- 
modulating r.f. amplifiers of 250 
watts input or less. It is also suit- 
able for driving a Class-B modula- 
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Ty ‘ tor whose grid driving power require- 
ments are less than 3 watts. 
Ee The amplifier is constructed on a 
y metal chassis 17 inches long, 4 inches 
deep, and 8 inches high. Tubes and 
output transformer, instead of being placed in 
the conventional arrangement on top of the 
chassis, are mounted on the rear flange, while 
the front flange is screwed against the back 
of mounting panel as in ordinary chassis-panel 
63V,A.C -~300V-+ A units. With this layout, a 314-inch relay-rack 
panel is adequate, and rack-space compact- 
ness results. 
The grid-modulation output trans- 
y former shown is designed to couple the 
plates of pushpull 2A3 tubes to the grid 
bias circuit of an r.f. amplifier. In this 
Y application, the windings of the trans- 
former are reversed, so that the two- 
temnaivral winding is connected in the plate 
circuit of the 6B4G amplifier tube, and the 
center-tapped winding is available as an output 
winding. Half of this winding (the portion 
between either end and the center tap) may be 












for crystal 
velocity an 
dynamic 

microphones x x 


for single-or 
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carbon 
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63V,A.C. -300V.+ B connected in an r.f. amplifier grid- or suppres- 

Fig. 1302 — Circuits of the 3-watt speech unit. sor-bias circuit for modulator use, or the full 

Ci — S-pfd., electrolytic, 25 volta. winding with center tap may be used as a 

C2 — 0.05-ufd. paper, 600 volts. Class-B input winding, with connection direct 
Cs — 8-ufd. electrolytic, 425 volts. to the grids of tubes such as 809’s or TZ20’s. 

C4 — 0.01-ufd. paper, 600 volts. A power supply which will deliver 300 volts 

Cs — 5-ufd. electrolytic, 25 volts. at 70 ma. is required. It should be well filtered, 


Ce — 0.01-nfd. paper, 600 volts. referably with a two-section condenser-input 
C7 — 25-nfd. electrolytic, 50-volt wkg. P y P 


R—5 a ga ia seal na filter as described in Chapter 8. Heater require- 
Re _ 1700 aa 1 nea : ments of the amplifier are 6.3 volts at 1.6 amp. 


Rs — 2.5 megohms, 1 watt. 


Ra—O.Smiepohim, I watts @A 10-WATT CLASS-B MODULATOR 


Ais— 50,000 ohms, 1 watt. FOR LOW-POWER TRANSMITTERS 

Re — 0.5-megohm potentiometer. A receiving-tube modulator, with speech 
R7 — 4500 ohms, 1 watt. amplifier for either crystal or carbon micro- 
Es, sa eee ee lig phones, is shown in Figs. 1304-1306, inclusive. 
iy — Schon, iO-araes nd. . It is suitable for modulating transmitters of 
Jp —Dowies jae, 20 watts input or less, such as the low-power 
Ts — 8. o¢ 3-wire jack foreb, or ab mike, equipment frequently used on ultra-high fre- 


Ti — Center-tapped output transformer (Thordarson quencies. Type 6A6 tubes are used throughout 
T-67M74 with primary and secondary reversed, in the audio circuits, and an inexpensive power 
see text). supply is included so that the unit is complete 

Tz — S.b. or d.b. carbon mike transformer. and ready for connection to the transmitter. 


Fig. 1303— The bottom view 
shows the tube- and transformer- 
mounting used in the 3-watt 
amplifier. 
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Fig. 1805 shows the circuit diagram of the 
speech amplifier-modulator. One section of 
the first 6A6 is used as the input amplifier for 
a crystal microphone, the other half being a 
second speech-amplifier stage. Carbon micro- 
phones, which need less gain, are transformer- 
coupled to the second section of the first 6A6. 
The type of jack shown at Je in the circuit 
diagram must be installed if a double-button 
microphone is to be used. Jz may be the same 
as J, if a single-button microphone is to be 
used exclusively. 

The gain control is connected in the grid 
circuit of the second section of the first tube, 
which is resistance coupled to the driver. The 
driver tube, also a 6A6, has its two sections 
connected in parallel. 


TOV N ND 
= 





T Wike Battery 


a 
So 
oO 
wo 
D 
1 
Ue 
ity 
es 
wD 
a 
a 
a 
7 ait 
00000000 





Fig. 1304 — This 10-watt audio unit is 
complete with power supply. Three double 
triodes provide a four-stage amplifier with 
Class-B output. Any of the popular types of 
microphones may be used. 


The modulation transformer specified is 
designed to work between 6A6 plates and a 
6500-ohm load; the impedance ratio actually 
used will of course depend on the load into 
which the modulator will work. A milliam- 
meter can be connected across Ri to measure 
the Class-B plate current. 

The power supply is of the condenser-input 
type and will deliver 350 volts at 90 ma. A 
switch in the transformer center-tap lead is 
used for turning the plate voltage on and off 
without affecting the filament supply. 

The power transformer is submounted at 
the left end of the chassis. Next to it is the 
filter choke, Ly, followed by the rectifier tube 
and T3, the modulation transformer. The 
driver tube is at the extreme right, with 7», 


= Te T3 


Output 





0000) 
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Fig. 1305 — Circuit diagram of the complete 10-watt audio system. 


Ci, C2 — 0.1-pfd., 600-volt paper. 

Cs, C4— 10-ufd., 50-volt electro- 
lytic. 

Cs, Ce, C7, Cs, Co — 8-ufd., 450- 
volt electrolytic. 

Ri — 25 ohms, )4 watt. 

Ra, Rs — 900 ohms, 1 watt. 

Ra, Rs — 50,000 ohms, 14 watt. 

Re, R7 — 0.25 megohm, 1% watt. 

Rs — 1 megohm, }4 watt. 

Ro — 5 megohms, 4 watt. 
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Rio — 500,000-ohm volume control. 

Ri: — 25,000 ohms, 10-watt. 

Swi — S.p.d.t. toggle switch. 

Swe—S.p.s.t. toggle switch (see 
text). 

Ji — Closed-circuit jack. 

J2—2- or 3-wire jack for s.b. or 
d.b. mike. 

Ti — S.b. or d.b. microphone trans- 
former (Stancor A-4351). 

Tz — Driver transformer, parallel 
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6A6 plates to 6A6 Class-B 
(Stancor A-4216). 

Ts3— Output transformer, 6A6 
Class-B to 6500-ohm load 
(Stancor A-3845). 

Ta — Power transformer, 700 volts 
at 90 ma., c.t.3 5 v. at 3 
amp.; 6.3 v. at 3.5 amp. 

Li — Filter choke, 5 henrys, 200 
ma., 80 ohms (Thordarson 


T-67C49). 


Fig. 1306 — The below-chassis 
wiring is visible in this view of the 
10-watt modulator unit. It is ad- 
visable to keep the microphone 
input leads short in order to re- 
duce hum pickup. 


the driver transformer, behind it. The Class-B 
tube is to the rear and in line with the speech- 
amplifier tube. For convenience in wiring, the 
audio tube sockets should be mounted with the 
filament prongs facing the right-hand end of 
the chassis. 

The plate voltage switch is on the front of 
the chassis toward the left. The microphone 
switch, gain control and microphone jacks are 
grouped at the right. 

The bottom-view photograph shows the lay- 
out for the components mounted below the 
chasis. 7; is mounted at the left end. Wiring 
to the driver tube socket and the transformer 
secondary winding should be completed before 
the transformer is bolted in place, as it is 
difficult to reach the connecting points with a 
soldering iron afterwards. Short leads between 
the gain control, microphone switch, and the 
tube socket can be obtained by making the 
gain-control contacts face toward the switch 
as shown. 

The compact microphone battery (Burgess 
type 3A2) can be held securely in place without 
brackets or clips if it is wedged in between 
the bottom of the power transformer and the 





Fig. 1307— A low-cost speech-amplifier or low- 
- power modulator with a maximum audio output of 20 
watts. The 6J7 is in the left near corner of the chassis, 
with the 6J5 to its right, just above the volume control. 
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lips on the bottom of the chassis. A 3-volt 
battery is sufficient for most carbon micro- 
phones, and low current will frequently give 
better speech quality. The 115-volt a.c. and 
meter lines (rubber-covered lamp cord) enter 
the chassis through rubber grommets. A three- 
contact terminal strip is located at the right 
end of the base (left end in the bottom view). 
One of the contacts is for an external ground 
connection and the other two are connected 
to the modulation transformer output wind- 
ing. 

The measured output of the unit shown in 
the photographs is 11 watts at the point where 
distortion just began to be noticeable. This 
power is ample for modulating a low- 
power transmitter running 20 watts or so to 
the final stage. 


@A 26-WATT SPEECH AMPLIFIER 
OR MODULATOR 


The amplifier shown in Figs. 1807-1309 will 
deliver audio power outputs up to 20 watts 
(from the output transformer secondary) with 
ample gain for ordinary communications-type 
crystal microphones. Class-AB 6L6’s are used 
in the output stage, preceded by a 6J5 and 
6J7. 

The unit is built on a 5 by 10 by 8 inch 
chassis, with the parts arranged as shown in 
the photographs. About the only construc- 
tional precaution necessary is to keep the lead 
from the microphone socket (a jack may be 
used instead of the screw-on type if desired) 
short, and to shield thoroughly the input 
circuit to the grid of the 6J7. This shielding is 
necessary to reduce hum. In this amplifier, the 
6J7 grid resistor, R1, is enclosed with the 
input jack in a National type J-1 jack shield, 
and a shielded lead is run from the jack shield 
to the grid of the 6J7. A metal slip-on shield 
covers the grid cap of the tube. 

To realize maximum power output, the “B” 
supply should be capable of delivering about 
145 ma. at 360 volts. A condenser-input sup- 
ply of ordinary design (Chapter 8) may be 
used, since the variation in plate current is 
relatively small. The current is approximately 
120 ma. with no input signal and 145 ma. at 
full output. If an output of 12 or 13 watts will 
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Fig. 1308 — Speech amplifier circuit for power outputs up to 20 watts. 


Ci, Ce—20-ufd. electrolytic, 50 
volts. 

C3 — 0.1-yfd. paper. 

C4 — 0.01-ufd. paper. 

Cs, Ce— 8-nfd. electrolytic, 450 
volts. 

Ri — 5 megohms, 14 watt. 

Re — 1300 ohms, 14 watt. 


be sufficient, Ro and Rio may be omitted and 
all tubes fed directly from a ‘“‘B” supply 
giving 270 volts at approximately 175 ma. 

The output transformer shown is a universal 
modulation type suitable for coupling into the 
plate circuit of a low-power r.f. amplifier (in- 
put 40 watts maximum for 100 per cent mod- 
ulation) for plate modulation. For cathode 
modulation, the r.f. input power that can be 
modulated may be determined from the data 
in Chapter 5. The amplifier may also be used 
for grid-bias modulation with the transformer 
specified. 

If the unit is to be used to drive a Class-B 
modulator it is reeommended that the Class-B 
tubes be of the zero-bias type rather than 
types requiring fixed bias. A suitable outp 
transformer must be substituted for this mi : 





Fig. 1309 — Bottom view of the 20-watt amplifier. 
The most important constructional point is complete 
shielding of the microphone input eircuit to the grid of 
the 6J7 first amplifier. 
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R3 — 1.5 megohms, )4 watt. 

Rs — 0.25 megohm, 4 watt. 

Rs — 50,000 ohms, 4 watt. 

Re — 1-megohm volume control. 
R7 — 1500 ohms, 1 watt. 

Rg — 250 ohms, 10 watts. 

Rog — 2000 ohms, 10 watts. 

Rio — 20,000 ohms, 25 watts. 


Ti — Interstage audio, single plate 
to p.p. grids, ratio. 3:1 
(Thordarson T-57A41). 

T2— Output transformer, depending 
on requirements. A multi- 
tap modulation transformer 
(Thordarson T-19M14) is 


shown. 


pose; information may be found in transformer 
manufacturers’ catalogs. 

The frequency response of the amplifier is 
ample for the range of frequencies encountered 
in voice communication. It may be extended 
for high-quality reproduction of music by us- 
ing higher-priced audio transformers. 


@A 40-WATT OUTPUT SPEECH 
AMPLIFIER OR MODULATOR 


The 40-watt amplifier shown in Figs. 1310- 
1312 resembles in many respects the 20-watt 
amplifier just described. The first two stages 
are, in fact, identical in circuit and construc- 
tion. To obtain the higher output, however, it 
is necessary to drive the 6L6’s into the grid 
current region, so that a driver stage capable 
of furnishing sufficient power is required. A 
pair of 6J5’s in push-pull is used for this 
purpose, inserted between the 6J5_ single 
stage and the 6L6’s. Decoupling is provided 
(Ry and Cs) to prevent motorboating because — 
of the higher gain. 

A 6 by 14 by 3-inch chassis is used for the 
40-watt amplifier. The photographs show the 
arrangement of parts. Asin the case of the 
20-watt unit, complete shielding of the micro- 
phone input circuit is essential. The amplifier 
has ample gain for crystal microphones. 

This unit may be used to plate-modulate 80 
watts input to an r.f. amplifier. For cathode 
modulation, the input which ean be modulated 
will depend upon the type of operation chosen, 
as described in Chapter 5; with 55 per cent 
plate efficiency in the r.f. stage, for instance, the 
input may be of the order ef 2(0 watts, making 


an allowance for a small amount of 
audio power taken by the grid circuit. 

A high-power Class-B modulator 
can be driven by the unit; data on 
suitable modulator tubes are given 
later in this chapter. Zero-bias tubes 
should be used because they present 
a more constant load to the 6L6’s 
than do relatively-low amplification 
factor tubes which require fixed bias 
for Class-B operation. A suitable 
Class-B driver transformer must be 
substituted for the universal modula- 
tion transformer shown. 

The power supply should have 
good voltage regulation, since the 
total ‘“B” current varies from ap- 
proximately 140 ma. with no signal 
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to 265 ma. at full output. A heavy- 
duty choke-input supply should be 
used; general design data will be 
found in Chapter 8. Heater require- 


Fig. 1310 —.A 40-watt speech amplifier or modulator of inexpen- 
sive construction. The 6J7 and first 6J5 are at the front, near the 
microphone socket and volume control, respectively. Ti is just be- 
hind them, and the push-pull 6J5’s are at the rear of the chassis be- 
hind Ti. T2, the 6L6’s, and Ts: follow in order to the right. 


ments are 6.3 volts at 3 amp. Bias for 

the 6L6 stage should be supplied by a 22.5-volt 
“B” battery block; a small-sized unit will be 
satisfactory since no current is drawn from it. 


@A PUSH-PULL 2A3 AMPLIFIER WITH 

VOLUME COMPRESSION 

Ideally, a Class-B modulator should be 
driven by an amplifier having exceptionally 
good voltage regulation to minimize distor- 
tion (see Chapter 5). For average amateur 
work the 6L6 amplifiers just described will 
give entirely satisfactory results as drivers 
for Class-B stages, when operated well within 
their capabilities, especially with zero bias 
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Class-B tubes. However, somewhat better 
performance can be secured by using triode 
drivers, especially when the grid power re- 
quirements of the Class-B stage are modest 
enough to make the use of triodes such as the 
2A3 practicable. The amplifier shown in Figs. 
13138-1315, inclusive, has an output (from the 
transformer secondary) of 6 watts with neg- 
ligible distortion, and is thus suitable for 
driving Class-B stages of 100 to 250 watts 
output. 

The amplifier also incorporates volume 
compression to maintain a high average per- 
centage of modulation (Chapter 5). The side 
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Fig. 1311 — Circuit diagram of the 40-watt speech amplifier modulator. 


Ci — 0.1-yfd. paper. 

Cz — 0.01-yufd. paper. 

C3 — 20-ufd. electrolytic, 50 volts. 

Ca, Cs, Ce — 8-ufd. electrolytic, 
450 volts. 

Ri — 5 megohms, 4 watt. 

Re — 1300 ohms, 1 watt. 

Rs — 1.5 megohm, 4 watt. 

R4 — 0.25 megohm, }4 watt. 


Rs — 50,000 ohms, 14 watt. 

Re — 1-megohm voiume control. 

R7z — 1500 ohms, 1 watt. 

Rs — 750 ohms, 1 watt. 

Ro — 12,000 ohms, 1 watt. 

Rio — 20,000 ohms, 25 watts. 

Rii — 1500 ohms, 10 watts. 

Ti — Interstage audio, single plate 
to p.p, grids, 3:1 ratio 
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(Thordarson T57A41). 

Tez — Driver, p.p. 6J5’s to 6L6’s 
Class AB2 (Thordarson 
T84D59). 

Ts — Output transformer, depending 
on requirements. A multi- 
tap modulation transformer 
(Thordarson T19M15) is 
shown. 
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Fig. 1312— Underneath the 
chassis of the 40-watt amplifier. 





amplifier and rectifier, combined in 
the 6SQ7 tube, rectifies some of the 
voice current, and the rectified output 
is filtered and applied to the Nos. 1 
and 3 grids of a pentagrid amplifier, 
thereby varying its gain in inverse pro- 
portion to the signal strength. With 
proper adjustment, an average in- 
crease in modulation level of about 7 
db. can be secured without exceeding 
100 per cent modulation on peaks. 

. The amplifier proper consists of a 
6J7 first stage, followed by a 6L7 am- 
plifier-compressor. The 2A8 grids are 
driven by a 6N7 self-balancing phase 
inverter. The operation of the 2A3’s is 
purely Class A, without grid current. 





Fig. 1313 — A push-pull 2A3 speech amplifier having an output 
of approximately 6 watts. A volume compression circuit is incor- 
porated in the amplifier. 














aj 


IN5V,A.C. 
Fig. 1314 — Circuit diagram of the 2A3 amplifier with volume compression. 


Ci, Ciz —10-pfd. electrolytic, 50 Rs — 50,000 ohms, 14 watt. Riz, Ris, Rio — 0.25 megohm, 14 
volts. Re, Reo — 0.5-megohm volume con- watt. 


C2, Ca, Cs, Ce, Co, Cro, C11, Cis — 
0.1-ufd. paper, 400 volts. 

C3, Cs —8-pfd. electrolytic, 450 
volts. 

C7 — 0.5-ufd. paper, 400 volts. 

Ri — 5 megohms, 14 watt. 

Re, Rs — 1200 ohms, 14 watt. 

Rs, R7 — 2 megohms, 14 watt. 

Ra, Ria, Ree, Rea — 0.5 megohm, 14 
watt. 


af 


trol. 

Ro — 0.25 megohm, 1 watt. 

Rio, Riu, Res —0.1 megohm, % 
watt. 

Riz — 10,000 ohms, 14 watt. 

Riz — 1500 ohms, 14 watt. 

Ris, Rigs — 0.1 megohm, 1 watt. 
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Rai — 5000 ohms, 1% watt. 
Res — 750 ohms, 10 watts. 
Ti — Output transformer to match 


Class-B grids. (The unit 
shown is a U.T.C. PA- 
53AX). 


Te— Filament transformer, 6.3 
volts, 2 amp. 

T3— Filament transformer, 2.5 
volts, 5 amp. 
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TABLE | — RESISTANCE-COUPLED AMPLIFIER DATA 


Data are given for a plate-supply of 300 volts; departures of as much as 50% from this supply voltage will not materially change 
the operating. conditions or the voltage gain, but the output voltage will be in proportion to the new voltage. Voltage gain is measured 
at 400 cycles; condenser values given are based on 100-cycle cut-off. For increased low-frequency response, all condensers may be 
made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the same pro- 
portion). A variation of 10% in the values given has negligible effect on the performance. 

High-frequency cut-off with pentodes is approximately 20,000 cycles with a plate resistor of 0.1 megohm, 10,000 cycles with 0.25 
megohm, and 5000 cycles with 0.5 megohm. With triode amplifiers, the high-frequency cut-off is well above the audio range. 
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Resistor ch Resistor Resistor | By-pass | By-pass | Condenser Volts Voltage 
Megohms Piel ll Megohms Ohms ufd, ufd, uld, (Peak) 2 Gain * 
0.1 — 1150! | —— — 0.03 60 20 
0.1 0.25 — 1500: | —— — 0.015 83 22 
0.5 — 17501 | —— — 0.007 86 93 
0.25 — 2650! | —— — 0.015 75 93 
a ania 0.95 0.5 ee 3400: | —— = 0.0055 87 24 
1.0 — 4000: | —— — 0.003 | 100 | 24 
0.5 — 4850: | —— — 0.0055 76 93 
0.5 1.0 — 6100: | —— — 0.003 94 24 
2.0 — 7150: | —— — 0.0015 104 24 
0.05 — 2100 | — 3.16 0.075 57 11 
0.05 0.1 —_— 2600 | —— 2.3 0.04 70 11 
6C5 0.25 —_— 3100 | —— 2.9 0.015 83 12 
(Also 0.1 — 3800 | —— 17 0.035 65 12 
6J7, 6C6, 57, 0.1 0.25 — 5300 | —— 1.3 0.015 84 13 
6WT7, 7C7 0.5 — 6000 | —— 1.17 0.008 88 13 
as triodes)* 0.25 — 9600 — 0.9 0.015 73 13 
0.25 0.5 — 12,300 | —— 0.59 0.008 85 14 
1.0 — 14,000 | —— 0.37 0.003 97 14 
0.1 0.44 500 | 0.07 8.5 0.02 55 61 
0.1 0.25 0.5 450 | 0.07 8.3 0.01 81 82 
0.5 0.53 600 | 0.06 8.0 0.006 96 94 
6C6, 6J7, 6W7, 0.25 1.18 1100 | 0,04 5.5 0.008 81 104 
1C7, 57 0.25 0.5 1.18 1200 | 0.04 5.4 0.005 104 140 
(Pentode) 1.0 1.45 1300 | 0.05 5.8 0.005 110 185 
0.5 2.45, 1700 | 0,04 4.2 0.005 75 161 
0.5 1.0 2.9 2200. | 0.04 41 0.003 97 250 
2.0 2.95 2300 | 0.04 4.0 0.0025 | 100 240 
0.1 — 2120 | —— 3.93 0.037 55 22 
0.1 0.25 — 2840 | —— 2.01 0.013 73 23 
0.5 — 3250 | —— 1.79 0.007 80 25 
6C8G 0.25 — 4150 | —— 1.29 0.013 64 25 
(One triode 0.25 0.5 — 6100 | —— 0.96 0.0065 80 26 
unit) 1.0 a 7100 —— 0.77 0.004 90 27 
0.5 — 9000 | —— 0.67 0.007 67 27 
0.5 1.0 — 11,500 | —— 0.48 0.004 83 27 
2.0 — 14,500 | —— 0.37 0.002 96 28 
0.1 — 1300 | —— 5.0 0.095 33 42 
0.1 0.25 — 1600 | —— 3.7 0.01 43 49 
0.5 — 1700 | —— 3.2 0.006 48 52 
0.95 — 2600 | —— 2.5 0.01 At 56 
al ha 0.95 0.5 — soo | —— | 21 0.007 54 63 
1.0 — 3500 | —— 2.0 0.004 63 67 
0.5 — 4500 | —— 1.5 0.006 50 65 
0.5 1.0 — 5400 | —— 1.2 0.004 62 70 
2.0 —_ 6100 | —— 0.93 0.002 70 70 
0.05 — 1020 | —— 3.56 0.06 A 13 
0.05 0.1 — 1270 | —— 2.96 0.034 51 4 
0.25 — 1500 | —— 2.15 0.012 60 14 
Ra de apo 04 on 1900 | —— | 2.31 0.035 rr} 14 
635, 615G_ 0.1 0.25 — 2440 | —— 1.42 0.0125 56 14 
7A4, INT 0.5 — 2700 | —— 1.2 0.0065 64 14 
0.25 — 4590 | —— 0.87 0.013 46 14 
0.25 0.5 — 5770 | —— 0.64 0.0075 57 14 
1.0 — 6950 | —— 0.54 0.004 64 14 
0.05 —_— 1740 | — 2.91 0.06 56 115 
0.05 0.1 — 2160 | —— 2.18 0.032 68 125 
0.25 — 2600 | —— 1.82 0.015 19 125 
0.1 — 3070 | —— 1.64 0.032 60 125 
6L5G 0.1 0.25 — 4140 | —— 1.1 0.014 19 135 
0.5 — 4700 | —— 0.81 0.0075 89 135 
0.25 —_— 6900 | —— 0.57 0.013 64 135 
0.25 0.5 — 9100 | —— 0.46 0.0075 80 135 
1.0 — 10,750 | —— 0.4 0.005 88 135 
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Next-Stage 5 
Plate ; Screen Cathode | Screen | Cathode | Blocking Output 
Resistor oe Resistor Resistor | By-pass | By-pass | Condenser Volts yore 
Megohms : Megohms Ohms ud, ped, ud. (Peak) 2 ain 
Megohms ‘ 
0.05 _— 1600 —_— 2.6 0.055 50 9 
0.05 0.1 — 2000 _—_ 2.0 0.03 62 9 
0.25 — 2400 _— 1.6 0.015 71 10 
0.1 —_— 2900 _—_— 1.4 0.03 52 10 
ERTS: 0.1 0.25 — 3800 | —— | 1.1 0.015 68 10 
0.5 — 4400 _—_ 1.0 0.007 71 10 
0.25 — 6300 —_—_ 0.7 0.015 54 10 
0.25 0.5 _ 8400 —_— 0.5 0.007 62 11 
1.0 —_ 10,600 —— 0.44 0.004 714 11 
0.1 0.59 430 0.077 8.5 0.0167 ||. 57 57° 
0.1 0.25 0.67 440 0.071 8.0 0.01 73 786 
0.5 0.71 440 0.071 8.0 0.0066 82 895 
6S7 0.25 1.7 620 0.058 6.0 0.0071 54 985 
0.25 0.5 1.95 650 0.057 5.8 0.005 66 1225 
1:0 2:1 700 | 0.055 | 5.2 0.0036 76 1365 
0.5 3.6 1000 0.04 4.1 0.0037 52 136° 
0.5 1.0 3.9 1080 0.041 3.9 0.0029 66 1625 
2.0 4.1 1120 0.043 3.8 0.0023 73 174° 
0.1 — 750! —_—_ — 0.033 35 29 
0.1 0.25 — 9301 —_— — 0.014 50 34 
0.5 — 1040! — — 0.007 54 36 
0.25 —— 1400! —_—_ —- 0.012 45 39 
0.25 0.5 — 1680! —_— —_— 0.006 55 42 
6SC7 1.0 — 18401 —_—_ — 0.003 64 45 
0.5 — 2330: | —— | — 0.006 50 45 
0.5 1.0 wane 2980. | —— | —— 0.003 62 48 
2:0 — 3280: | —— | —— 0.002 - 72 49 
0.1 0.35 500 | 0.10 | 11.6 0.019 7-3, er 
0.1 0.25 0.37 530 0.09 10.9 0.016 96 98 
0.5 0.47 590 0.09 9.9 0.007 101 104 
0.25 0.89 850 0.07 8.5 0.011 719 139 
6SJ7 0.25 0.5 1.10 860 0.06 7.4 0.004 88 167 
1.0 1.18 910 0.06 6.9 0.003 98 185 
0.5 2.0 1300 0.06 6.0 0.004 64 200 
0.5 1.0 2.2 1410 0.05 5.8 0.002 . 719 238 
20° 2.5 1530 0,04 5.2 0.0015 89 263 
0.1 a 1900 —_— 4.0 0.03 31 31 
0.1 0.25 | —_ 2200 —_— 3.5 0.015 41 39 
0.5 _—_ 2300 — 3.0 0.007 45 42 
0.25 _— 3300 — 2.7 0.015 42 48 
ig rae 0.25 0.5 ae 3900 | —— | 2.0 0.007 51 53 
Ld # 1.0 —_— 4200 —— 1.8 0.004 60 56 
0.5 _ 5300 — 1.6 0.007 4l 58 
0.5 1.0 —_— 6100 —_— 1.3 0.004 62 60 
2.0 —_ 7000 ee 1,2 0.002 67 63 
0.1 _—_ 1950 _—_ 2.85 0.0245 44 27° 
0.1 0.25 _ 2400 _—_— 2.55 0.0135 58 325 
0.5 _—_— 2640 _—_— 2.25 0.008 64 335 
0.25 — 3760 —— 1.57 0.012 57 37° 
617G 0.25 0.5 — 4580 | —— 1.35 0.0075 69 40° 
1.0 —_— 5220 _—_ 1.23 0.005 80 415 
0.5 _—_ 6570 _—_ 1.02 0.008 62 425 
0.5 1.0 —_— 8200 —_—_ 0.82 0.0055 77 435 
2.0 _—_ 9600 _ 0.70 0.004 86 445 
0.05 -_ 2400 —_—_ 2.8 0.08 65 8.3 
0.05 0.1 -_ 3100 _—_ 2.2 0.045 80 8.9 
0.25 _— 3800 _— 1.8 0.02 95 9.4 
0.1 _ 4500 _—_ 1.6 0.04 74 9.5 
56 76 0.1 0.25: ; —_ 6400 — 1.2 0.02 95 10.0 
0.5 —_ 7500 —_—_ 0.98 0.009 104 10.0 
0.25 — 11,100 —_— 0.69 0.02 82 10.0 
0.25 0.5 _—_— 15,200 _ 0.5 0.009 96 10.0 
1.0 _ 18,300 —_ 0.4 0.005 108 10.0 





























1 Value for both triode sections, assuming both are working under same conditions. In phase inverter service, the cathode resistor 
should not be by-passed. 

2 Voltage across next-stage grid resistor at grid-current point. 

3 At 5 volts r.m.s. output. 

4 Screen and suppressor tied to plate. 

5 At 4 volts r.m.s. output. 
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Grid Peak A.F. Zero-Sig.! Max.-Sig.+ Load Res. Max.-Sig. Max.-Sig.1 
Class-B Fil. Plate | Volts | Grid-to-Grid | Plate Current | Plate Current | Plate-to-Plate | Driving Power | Power Output 
Tubes (2) | Volts | Volts | App. Voltage Ma. Ma.2 Ohms Watts? Watts? 

RK-59 6.3 | 500) —17 — — 90 — 0.9 30 
: 300 | —29.5 63 75 120 5,000 4.0 22 
HY60 6.3 | 400 | —99'5 57 5 120 6,000 3.0 30 
HY65° 6.3 | 450 | —— — ae 125 ae 0.4 34 
801-A/801 7.5 | 600| —75 320 8 130 10,000 3.0 45 
HY31Z¢5 6.3 | 300 0 104 20 100 5,000 1.4 18 
. 400 0 140 96 150 5,000 9.0 40 
icles sieattl sill 0 131 36 150 7/000 1.8 51 
aime 63 | 400| —15 60 99 150 8,000 0.36 42 
’ 3) 500°} —15 60 920 150 6,200 0.36 54 
400 | —16.5 77 75 150 6,000 0.4 36 
ier 2.5 | 600 | —95 106 49 180 7,500 1.2 72 
400 | —95 80 100 230 3,800 0.35 60 
HIVGLORR!) (62 |) Sog:| —a5 80 100 230 4,550 0.6 75 
TZ20 7.5 | 750 0 195 — 170 9,000 2.6 80 
HY61 /8077 400 | —25 80 100 230 3,800 0.35 60 
500 | —25 80 100 930 4,550 0.6 75 
RK-807 6.3 | 600 | —30 80 60 200 6,600 0.4 80 
HY695? 6.3 | 300 | —25 106 60 150 4,000 0.25 30 
400 | —25 145 60 170 4,000 0.4 40 
HY126957 | 12.6 | 600) —35 183 65 120 4,500 0.3 65 
500 | —25 120 65 200 5,000 0.7 97 
RK12 6.3 | 750 0 129 50 200 9,600 3.4 100 
750 | —40 320 96 210 6,400 6.0 90 
800 7.5 | 1000 | —55 300 98 160 12,500 44 100 
1250 | —70 300 30 130 21,000 yt 106 
600 0 171 18 180 6,000 Note 9 5 
HY30Z 6.3 | 750 0 167 22 180 8,000 “ 95 
850 0 171 98 180 10,000 “ 110 
8070 6.3 | 400 | —925 78 100 240 3,200 0.2 55 
500 | —25 78 100 240 4,240 0.2 75 
16950 12.6 | 600 | —30 78 60 200 6,400 0.1 80 
750°| —32 92 60 240 6,950 0.2 190 
es 6.3 | 1000 | —29 948 30 150 15,000 45 105 
3/4950 | —49 256 24 136 21'900 4.2 120 
500 | —10 170 40 200 5,200 3.5 60 
809 63 | 750 | —25 200 35 200 8,400 4.0 100 
10008| —40 230 30 200 12/000 4.2 145 
re +0 800 | —27 250 20 280 6,000 5.0 135 
. 1000 | —35 270 20 280 7,600 6.0 175 
750 0 171 32 225 6,000 Note 9 110 
HY40Z 7.5 | 850 0 185 40 250 7,000 " 155 
1000 0 185 45 250 9,000 “ 185 
ane 75 | 1000 0 141 95 230 11,000 3.7 160 
. 5 | 4950 0 141 35 220 18,000 4.4 190 
ane 75 | 1250 | —15 240 40 230 12,700 78 190 
soe. 14500 | —95 220 30 190 18,300 48 185 
RK-37 7.5 | 1250 | —35 282 5 235 18,000 7.2 200 
oe 6.3 | 1250 0 140 48 200 15,000 3.8 175 
3 | 15008} — 9 160 20 900 18,000 4.2 295 
5.0 | 1000 | —29 — —— — 7,200 — 150 
35T to | 1250 | —30 eas me ee 9/600 aes 200 
5.1 | 1500 | —40 a as —s 12/800 om 230 
1000 0 290 —— 280 7,350 55 175 
TZ408 7.5 |1950| — 4.5 269 ie 980 10,000 6.0 995 
‘|1500| — 9 265 me 950 12/000 6.0 950 
RK52 7.5 | 1250 0 180 40 300 10,000 75 250 
onary to | 1000 | —35 310 26 320 6,900 10 200 
1250 | —45 230 96 320 9/000 11 260 
ary 40 | 1000 | —77 380 20 320 6,900 75 200 
1250 | —100 410 20 320 9,000 8.0 960 
«25 40 . | 1008 0 200 106 320 6,900 7.0 200 
; 1250| 0 200 148 320 9,000 75 960 
750 | —95 300 50 330 4,500 17 155 
HK-158 12.6 | 1250 | —50 280 35 225 12/500 10 200 
2000 | —90 340 30 180 3,200 10 265 
1500 | —45 300 40 198 16,800 5.0 200 
HK-54 5.0 | 2000 | —70 360 94 180 36,000 6.0 960 
9500 | —85 360 20 150 40,000 5.0 975 
850 0 148 48 300 5,000 Note 9 160 
HY51Z 7.5 |'1000 0 170 60 350 6,000 “ 260 
1250 0 155 90 300 10,000 “ 285 
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Class-B Fil. Plate Peak A.F. Zero-Sig.! Load Res. Max.-Sig. Max.-Sig.1 
Tubes (2) | Volts Volts Volts | Grid-to-Grid | Plate Current | Plate Current | Plate-to-Plate | Driving Power | Power Output 
App. Voltage Ma. Ma.2 Ohms Watts? Watts? 
203-2 |10 | 1000) oO 206 50 350 6,200 6.5 230 
f 1950 | — 4.5] 915 _— 60 350 8,000 6.75 300 
1000 (0) 190 70 310 6,900 5.0 200 
ZB120 10 1250 10] 180 95 300 9,000 4.0 245 
1500 | — 9 196 60 296 =| 11,200 5.0 300 
8005 10 1250 | —55 290 40 320 8,000 4.0 250 
_ | 15008] —80 310 40 310 2,500 4.0 300 
HF100 10 1500 | —52 264 50 270 12,000 2.0 260 
to11|1750 | —62_ 324 | 40 270 16,000 9.0 350 
805 10 1250 0 235 148 400 6,700 6.0 300 
RK57 _ | 1500 | —16 200 |. 84 |. 400 8,200 7.0 370 
gogu 10 1700 ; —120 240 50 248 16,200 0 300 
2000 | —190| 240 50 270 18,300 0 385 
1000 | —— a oe ee 6,800 — 200 
75T 5.0 | 1500 | —— _ _ _—_ 10,000 —_ 300 
2000 | —— _— c=) — 12,500 od 400 
8003 10 | 1350 | —100 480 40 490 6,000 10.5 460 
5.0 | 2000 Bias adjusted for maximum rated plate dissipation 16,000 May be driven 380 
100TH to 2500 under no-signal conditions 22,000 by push-pull 460 
5.1 | 3000 Zero bias up to 1250 v. plate 30,000 as 6L6's 500 
1500 | —40 36 425 8,000 400 
MDROS-A | 10: | 4750 | —67 Sie 36 425 9/000 Note 12 500 
2000 | —65 400 50 260 16,000 7.0 328 
HK-254 5.0 | 2500 | —80 420 50 248 22,000 7.0 418 
3000 | —100| 456 40 240 30,000 | 7.0 520 
810. | 10 |1500| —30 | 345 80 500 6,600 12 510 
1627 5.0 | 2000 | —50 345 60 420 11,000 10 590 


1 Values are for both tubes. 




















2 Sinusoidal signal values; speech values are approximately one-half for tubes biased to approximate cut-off and 80% for zero-bias 


tubes. 


3 Values do not include transformer losses. Somewhat higher power is required of the driver to supply losses and provide good regu- 
lation. Input transformer ratios must be chosen to supply required power at specified grid-to-grid voltage with ample reserve for losses 
and low distortion levels. Driver stage should have good regulation. 

4 Dual tube. Values are for one tube, both sections. 

5 Instant-heating filament type. 

5 Intermittent amateur and commercial service rating. 

7 Beam tube. Class AB». Screen voltage: 300. 


8 Beam tube. Class ABz. Screen voltage: 125 at 32 ma. 
9 Driver: one or two 45's at 275 volts, self-biased (—55 volts), 


10 Beam Tube, Class ABz. Screen voltage: 300 at 10 ma. Effective grid circuit resistance should not exceed 500 ohms. 
11 Pentode, Class AB2. Suppressor voltage: 60 at 9 ma. Screen voltage: 750, 4/43 ma. at 1700 plate volts, 2/60 ma. at 2000. 
12 Can be driven by a pair of 2A3's in push-pull Class AB at 300 volts with fixed bias. 


The amount of compression is controlled by 
means of potentiometer Reo in the grid cir- 
cuit of the 6SQ7. A switch, S,, is provided to 
short-circuit the rectified output of the com- 
pressor when normal amplification is required. 

The construction of the amplifier resembles 


that of the amplifier of Fig. 1801, the tubes 
and output transformer being mounted on the 
rear edge of a 17 by 4 by 3-inch chassis to save 
panel height in relay-rack mounting. Looking 
at the amplifier from the front, the 6J7 first 
amplifier is in the upper left corner with the 








28 


Fig. 1315 — Bottom view of the 2A3 speech amplifier. 
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6L7 to its right. The 6SQ7 
is below the 6L7. The 6N7 
is followed by the output . 
transformer, the latter being 
in the middle of the chassis 
to distribute the weight 
evenly. The 2A3’s and the 
power and output terminals 
are at the right. 

In the underneath view, 
the input circuit is at the 
left, the grid resistor and 
connector socket being 
shielded by the National 
JS-1 jack shield. The lead to 
the 6J7 grid is shielded, 


as are also the top caps of this tube and the 
6L7. The compressor control, Reo, is mounted 
beside the 6J7 and is screwdriver adjusted; a 
midget control should be used since the space 
is rather limited. The other parts are mounted 
as close as possible to the points in the circuit 
to which they connect. The filament trans- 
formers should be kept well separated from 
the wiring in the low-level stages. 

Adjustment of the compressor control is 
rather critical. First set Reo at zero and ad- 
just the gain control, Rez, for full modula- 
tion with the particular microphone used. 
Then advance the compressor control until 
the amplifier just “cuts off’’ (output decreases 
to a low value) on peaks; when this point is 
reached, back off the compressor control until 
the cut-off effect is gone, but there is an obvious 
decrease in gain following a peak. Because of 
the necessity for filtering out the audio com- 
ponent in the rectifier output there is a slight 
delay (amounting to a fraction of a second) 
before the decrease in gain “catches up” with 
the peak. When a satisfactory setting, indi- 
cated by good speech quality with a definite 
reduction in gain on peaks, is secured, advance 
the gain control, Re, to give full output. with 
normal operation. Too much compression, 
indicated by the cut-off effect following each 
peak, is definitely undesirable, and the object 
of adjustment of the compressor control is to 
use aS much compression as possible without 
over-compression. 

The amplifier requires a plate supply of 
300 volts at 75 ma. A well-filtered condenser- 
input supply using receiving-type components 
is suitable; a two-section filter is desirable. 


® CLASS-B MODULATORS 


Class-B modulator circuits are practically 
identical no matter what the power output of 
the modulator. The diagrams of Fig. 1316 
therefore will serve for any modulator of this 
type that the amateur may elect to build. 
The triode circuit is given at A, and the circuit 
for tetrodes at B. When small tubes with in- 
directly heated cathodes are used, the cathode 
should be connected to ground. 

Design considerations for Class-B stages are 


Fig. 1317 — Chassis-less con- 
struction for a low-power Class-B 
modulator. Small tubes and trans- 
formers capable of an audio out- 
put of the order of 100 watts may 
be supported directly from the 
panel. 
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Fig. 1316 — Class-B modulator circuit diagrams. Cir- 
cuit considerations are discussed in the text. 


discussed in Chapter 5, and data on the per- 
formance of various tubes suitable for the 
purpose are given in the accompanying tables. 
Once the requisite audio power output has been 
determined, and a pair of tubes capable of 
giving that output selected, an output trans- 
former may be secured which will permit 
matching the rated modulator load impedance 
to the modulating impedance of the r.f. ampli- 
fier, and similarly, a driver transformer selected 
which will couple the driver stage to the Class- 
B grids properly. 

The plate power supply for the modulator 
should have good voltage regulation and 
should be well filtered. It is particularly im- 
portant, in the case of a tetrode Class-B stage, 
that the screen supply have excellent regula- 
tion to prevent distortion. The screen voltage 
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should be set as exactly as possible to the 
recommended value. 

In estimating the output of the modulator, it 
should be remembered that the figures given in 
the tables are tube output only, and do not in- 
clude output transformer losses. The efficiency 
of the output transformer will vary with its 
construction, and may be assumed to be in the 
vicinity of 80 per cent for the less expensive 
units and somewhat higher for higher-priced 
transformers. To be adequate for modulating 
the transmitter, therefore, the modulator 
should have a theoretical power capability 
about 25 per cent greater than the actual 
power needed for modulation. 

The input transformer, 71, may couple 
directly between the driver tube and the modu- 
lator grids or may be designed to work from a 
low-impedance (200- or 500-ohm) line. In the 
latter case a tube-to-line output transformer 
must be used at the driver stage. This type of 
coupling is recommended only when the driver 
must be at a considerable distance from the 
modulator, because the second transformer 
not only introduces additional losses but also 
further impairs the voltage regulation. 

When “C” bias is required for the modu- 
lator, the bias source must have very low re- 
sistance. Batteries are the most suitable source 
of bias. In cases where the voltage values are 
right, regulator tubes such as the VR-75, VR- 
105, etc., may be connected across a tap on an 





Fig. 1318 — A conventional chassis arrangement for low and 
medium power Class-B modulators. The layout follows the circuit 
diagram. 


284 CHAPTER THIRTEEN 





Fig. 1319 — A chassis arrangement for a higher-power 
Class-B modulator. This unit has a filament transformer 
for the tubes mounted on the chassis, as well as the input 
and output transformers. In cases where the input 
transformer is included with the speech amplifier, less 
chassis space is needed. The tubes are placed to the rear 
where ventilation is good. 

The plate milliammeter is provided with a small plate 
over the adjusting screw to prevent touching the screw 
accidentally. A Presdwood panel was used for this 
modulator; with metal panels the. meter should be 
mounted behind glass on a well-insulated mount (the 
meter insulation is not intended for voltages greater than 
a few hundred) or else should be connected in the fila- 
ment center-tap rather than in the positive high-voltage 
lead. 


a.c. bias supply and will hold the bias voltage 
steady under grid-current conditions. Gener- 
ally, however, zero-bias modulator tubes are 
preferable not only because no bias 
supply is required but also because 
the loading on the driver stage is 
less variable and driver distortion is 
consequently reduced. 

Condenser C; in these diagrams 
will give a ‘“‘tone-control”’ effect and 
filter off high-frequency side-bands 
(splatter) caused by distortion in the 
modulator or preceding speech-am- 
plifier stages. Values in the neighbor- 
hood of 0.002 to 0.005 ufd. are suit- 
able. The voltage rating should be 
adequate for the peak voltage across 
the transformer secondary. The plate 
by-pass condenser in the modulated 
amplifier will serve the same purpose. 

The various photographs illustrate 
different types of construction which 
may be used for Class-B modulators 
of various power outputs. Placement 
of parts is not critical. 
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EN ESSENTIAL principles, modern re- 
ceiving equipment for the 28- and 56-Mc. 
bands does not differ from that used on lower 
frequencies. In view of the higher frequency 
there are, of course, certain constructional pre- 
cautions which must be taken to insure good 
performance. The 28-Mc. band serves as the 
meeting ground between those ordinarily 
termed ‘‘communications frequencies” and the 
ultra-highs, and it will be found that most of 
the receivers described in Chapter Eleven are 
capable of working on 28 Me. In this chapter 
will be presented receivers and converters 
capable of good performance on 56 Me. and 
higher. 

Present regulations require that transmitters 
working on all frequencies below 60 Mc. must 
meet similar requirements respecting stability 
of frequency and, when amplitude modulation 
is used, freedom from frequency modulation. 
It is thus possible to use receivers for 56 Me. 
a.m. reception having the same selectivity as 
those designed for the lower frequencies. This 
order of selectivity is not only possible but de- 
sirable, since it makes possible a considerable 
increase in the number of transmitters which 
can work in the band without interference, as 





Fig. 1401 — This 214- and 5-meter converter, com- 
plete with power supply, is mounted in an 8-by-8-by-10 
cabinet. Plug-in coils give bandspread coverage of the 
56- and 112-Mc. bands. 


compared to broad-band receivers. Also, high 
selectivity greatly improves the signal-to- 
noise ratio, both in the receiver itself and in 
the response to external noise. This means that 
the effective sensitivity of the receiver can be 
considerably higher than is possible with non- 
selective receivers. Receivers for f.m. signals 
are usually designed with less selectivity so 
that they can accommodate the full swing of 
the transmitter but, at least for 28- and 56-Mc. 
f.m. reception, the h.f. oscillator should be as 
stable as in a narrow-band a.m. receiver. 

The superheterodyne type of receiver is 
used almost universally on frequencies below 
60 Mc., because it is the only type of receiver 
that fulfills the above requirements for stabil- 
ity. A superheterodyne for a.m. reception and 
one for f.m. reception differ only in the if. 
amplifier and second detector, so the ‘‘con- 
verter” or high-frequency portion of the 
superheterodyne can be used for either a.m. or 
f.m. reception. Although superheterodynes can 
be built for 112-Mc. reception, the superregen- 
erative type of receiver is much more widely 
used, and above 116 Mc. it is used almost ex- 
clusively. The superregenerative receiver has 
the advantage of low cost and good sensitivity, 
although its selectivity does not compare with 
the superheterodyne type of receiver. 

A superheterodyne receiver for 56-Mc. work 
should use a fairly high intermediate frequency 
so that image response and oscillator ‘‘ pulling” 
will be reduced. At 56 Mc., for example, a 
difference between signal and image frequen- 
cies of 900 ke. (the difference when the i.f. is 
450 ke.) is a very small percentage of the signal 
frequency, consequently the response of the 
r.f. circuits to the image frequency is very 
nearly as great as to the desired signal fre- 
quency. To get discrimination against the 
image equivalent to that obtained at 3.5 Me. 
with a 450-ke. if. would require for 56 Me. an 
if. 16 times as high, or about 7 Me. if the cir- 
cuit Qs were the same in both cases. However, 
the Q of a tuned circuit at 56 Me. is not as 
high as at the lower frequencies, chiefly because 
the tube loading of the circuit is considerably 
greater. As a result, still higher intermediate 
frequencies are desirable, and a practical com- 
promise is reached at ani.f. of about 10 Me. 

Since high selectivity cannot be obtained 
with a reasonable number of circuits at 10 Mc., 


CHAPTER FOURTEEN 285 


The Ride et nalour’s FP rand eck 





the double superhet principle is 
commonly employed. The 10- 
Me. frequency is changed to an 
if. of the order of 450 ke. by a 
second oscillator-mixer combina- 
tion. Thus the receiver has two 
intermediate frequencies, at both 
of which amplification takes 
place before the signal is finally 
rectified and changed to audio 
frequency. 

Very few amateurs build com- 
plete 56-Mc. superhet receivers 
along these lines. General prac- 
tice is to use a conventional su- 
perhet receiver to handle the 
10-Mc. output of a simple fre- 
quency-~converter. Thus a regular 
communications-type receiver — 
or even an all-wave broadcast 
receiver — can be used with ex- 
cellent effect on 56 Me. with the 
addition of a relatively simple 
and inexpensive ‘‘converter.” 
Since most amateurs have com- 
munications receivers, the con- 
struction of a good superhet for 
56 Mc. is a relatively simple 
matter. 

From a practical aspect, superregenerative 
receivers may be divided into two general 
types. In the first the quenching voltage is 
developed by the detector tube itself — so- 
called ‘‘self-quenched”’ detectors. In the sec- 
ond, a separate oscillator tube is used to gener- 
ate the quench voltage. The self-quenched 
receivers have found wide favor in amateur 
work. The simpler types are particularly 
suited for portable equipment where the ap- 
paratus must be kept as simple as possible. 
Many amateurs have ‘‘pet” circuits which 
are claimed to be superior to all others, but 
the probability is that the arrangement of 
their particular circuit has led to the use of cor- 
rect operating conditions. Time spent in minor 
adjustment of values will usually result in a 
smooth-working receiver free from howling 
and irregular performance that is well worth 
the effort. 


eU.H.F. CONVERTERS 


If the amateur already has a communica- 
tions receiver, or even a fairly decent all-wave 
b.c. set capable of tuning to 5 or 10 Mc., there 
is little or no need for building a special u.h.f. 
receiver, particularly for 56 Mc. It is much 
easier to build a converter and work the con- 
verter into the already-existing receiver. The 
output transformer of the converter is tuned 
to the same frequency as the receiver (5 or 
10 Mc.) and the signal is coupled through a 


low-impedance line to the input of the receiver ° 
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Fig. 1402 — A top view, showing arrangement of tubes and coils. The 
shaft projecting through the main chassis at the lower left is the i.f, trans- 
former tuning control. The power transformer is sub-mounted so it does 
not interfere with adjustment of the r.f. trimmer. 


in much the same manner that link coupling is 
used in a transmitter. All of the tuning is done 
with the converter, and the gain is adjusted to 
a suitable level by means of the gain control 
on the receiver into which the converter is 
working. 


@A HIGH-PERFORMANCE CONVERTER 
FOR 56 AND li2 MC. 


The converter shown in Figs. 1401, 1402, 
1403, 1404 and 1405 uses the new 9000 series 
tubes which are quite similar electrically to the 
“acorn” tubes but which are somewhat easier 
to handle. As can be seen from the diagram in 
Fig. 1408, a 9001 r.f. stage is transformer- 
coupled to a 9001 mixer. The h.f. oscillator is a 
9002 and it is capacity-coupled to the mixer 
grid through Cys. The output circuit (Cy4, Cis 
and ZL7) is tuned to 10.2 Mc., approximately, 
although the converter could be made to work 
into some other i.f. with suitable changes in the 
output circuit and the oscillator coil, L; — Le, 
constants. 

As indicated in the diagram, the screen and 
plate by-pass condensers are returned to one 
cathode lead (the one to which the suppressor is 
connected) while the other lead is grounded 
through a condenser to serve as the grid return. 
In the mixer plate circuit a low-drift mica con- 
denser, C'y4, is connected directly from plate to 
cathode to short-circuit the signal-frequency 
component in the\plate circuit. This condenser 
is of course part of\the if. tuned circuit and its 


capacity must be taken into account in calcu- 
lating the inductance required at Lz. 

The mixer and r.f. tuned circuits are made as 
low-C as is possible under the circumstances; 
the use of plug-in coils unavoidably introduces 
some stray capacity that would not be present 
if the circuits were made to operate on one fre- 
quency only. The tuning condensers are cut 
down to two plates each, and have just about 
enough capacity range to cover the 56-Mce. 
band with a little to spare. The trimmers are 
mica units operated at nearly minimum capac- 
ity so that the mica is a negligible factor in the 
operation of the condenser; for all practical 
purposes the dielectric is purely air. The L/C 
ratio compares favorably with those com- 
monly attained with acorn receivers, even 
though the coils may look small. 

The oscillator circuit is of the grid tickler 
type, with the tuned tank in the plate circuit. 
The tuned circuit is made higher-C than the 
signal-frequency circuits to improve the stabil- 
ity, and as a consequence somewhat more tun- 
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ing capacity is needed to cover the requisite 
frequency range. The tuning condenser is a 
15-yvufd. unit cut down to three plates, and the 
trimmer is a 25-yyfd. air-dielectric job. Oscilla- 
tor and mixer are coupled through a small con- 
denser, homemade, tailored to give suitable 
injection of oscillator voltage into the mixer 
grid circuit. 

The oscillator is tuned to the low side of the 
signal frequency on both 56 and 112 Me. to 
give slightly more stability to the oscillator. 
A VR-105 in the power supply adds further to 
the stability of the oscillator. 

The power supply part of the circuit needs 
no comment except to explain that a separate 
filament transformer was used because no 
small plate transformer of the size used was 
available with a 6.3-volt heater winding. The 
filament power could just as readily be taken 
from a 6.3-volt winding on the plate trans- 
former if such is available. 

The ‘‘chassis’’ on which the converter is as- 
sembled is a piece of sheet copper, somewhat 


Fig. 1403 — Circuit diagram of the 56-112-Me. converter. 


Ci, C2— Approx. 5-yyfd. variable 
(National UM-15 cut down 
to 2 plates). 

C3, C4 — 3-30-uufd. trimmer (Na- 
tional M-30). 

Cs — Approx. 8-uyfd. variable (Na- 
tional UM-15 cut down to 3 
plates). 

Co — 25-uyfd. air trimmer (Ham- 
marlund APC-25). 

Cr-Ciz, inc. — 500 pufd. midget 
mica, 

Ci3 — 100-pufd. mica. 


Cia — 50-upfd. silvered mica. 

Cis — Ose.-mixer coupling 
denser (see text). 

Cie — 25-uyfd. air trimmer (Ham- 
marlund APC-25). 

Ci7 — 0.002-ufd. mica. 

Cis — 0.01-ufd. paper. 

Cio, Coo — 8-ufd. tubular electro- 
lytic. 

Ri — 50,000 ohms, 14-watt. 

Re — 1200 ohms, 14-watt. 

Rs — 10,000 ohms, 14-watt. 

Ra — 6000 ohms, 10-watt. 


con- 
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Li-Le, inc. — See coil table. 

L7 — 18 turns No. 22 enam., close- 
wound on 5g” diam. form. 

Ls —8 turns similar to Lz, at 
ground end of Lz. 

Lo — Filter choke, 8 henrys, 55 ma. 
(Thordarson T-14C62). 

Ti — Filament transformer, 6.3 v., 
1.2 amp. (Stancor P-6134). 

Te— Power transformer, 560 v. 
c.t., 30 ma. (Thordarson 
T-60R49), 

Si, Se — S.p.s.t. toggle. 


FouRTEEN DS7 


The Kode _Amdtenr’s Handbook 





Fig. 1404 — Inside the converter unit, showing the arrangement of tuning 
condensers. The layout is quite compact, every effort having been made to 
keep leads as short as possible. 


less than 4g inch thick, 5)4 inches long, and 
bent as sbown in the photographs. The width 
on top is 134 inches, the height 214 inches, and 
the bottom lip, for fastening to the main 
chassis, is 34 inch wide. The tubes are mounted 
on top near the bent edge, allowing just enough 
room to insert the socket mounting ring, and 
are 134 inches apart, center to center, with the 
r.f. tube 13 inch in from the rear edge. The 
coil sockets are mounted on the side, 34 inch 
down from the top, so that the connections be- 
tween socket prongs and the tuning condenser 
terminals can be made directly, without addi- 
tional wires. The spacing is such that the lead 
from the stator connection to the grid prong 
on the tube socket is only about 14 inch long. 

In building an assembly of this type, it is a 
practical necessity to do all the wiring before 
the tuning condensers are mounted. The inside 
view gives some idea of the arrangement of 
by-pass condensers; the chief consideration in 
placing them was to eliminate leads, insofar as 
possible. Each stage has its own ground point, 
which in the case of the r.f. and mixer stages is 
on the side of the chassis .directly below the 
tube socket and the length of the cathode by- 
pass condenser away from it. The screws which 
hold the ground lugs in place are threaded into 
the copper, and on the outside also help sup- 
port the vertical interstage shields. The oscilla- 
tor ground is also on the side, but close to the 
cathode pin, which is grounded directly; the 
plate by-pass condenser, C3, is brought to the 
same point. In the other two stages the ground 
leads from the tuned circuits are 34-inch wide 
strips of thin copper, this being used in prefer- 
ence to wire to reduce the inductance. 

For electrostatic shielding between the r.f. 
and mixer stages two baffle plates are used. One 
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small plate, not visible in 
the photograph, is fastened 
to the side of the chassis 
directly opposite the tube 
socket and is soldered to the 
shield cylinder in the center 
of the socket. It effectively 
shields off the grid wiring 
from the plate circuit and is 
about an inch square. Since 
it crosses the tube socket 
and should get as close to 
it as possible, care must be 
taken to see that the socket 
prongs are bent away so 
they cannot touch it. The 
other shield is almost all on 
the outside, and is used 
chiefly to preyent electro- 
static coupling between the 
r.f. and mixer trimmer con- 
densers, which are mounted 
on the sides of the tuning 
condensers. A transverse shield plate com- 
pletely boxing off the two stages would be 
better, but is an awkward job mechanically in 
view of the necessity for assembling the con- 
denser gang. 

No shielding is required between the mixer 
and oscillator; in fact, the stray coupling is too 
small to give good frequency conversion. The 
trimmer condenser is supported from the top 
of the chassis by a small bracket made from 
brass strip, bent to such size that the rotor 
connection of the trimmer comes right at the 
rotor spring on the tuning condenser, where the 
two are soldered together. A small strip of cop- 
per is soldered between the two sets of stator 
plates, using the soldered mounting on top of 
the trimmer for its connection. The coupling 
condenser is a small piece of copper bolted to 
the trimmer end plate and bent to face the 
other soldered mounting. The separation is 
about a sixteenth of an inch. 

The vertical shield plates between the coils 
are 234 by 13%, with bent-over edges to fasten 
to the side of the chassis. To complete the mag- 
netic shielding the end of the mixer coil must 
be boxed in, which is done by a piece of copper 
in the shape of a shallow U, held in place sim- 
ply by making it fit tightly between the verti- 
cal shields. This piece must be removable for 
changing the mixer coil. 

Care must be used in making soldered con- 
nections on the polystyrene sockets and forms, 
since the material will soften with the applica- 
tion of heat. Have the connections well cleaned 
before attempting to solder, and hold the iron 
on the lugs just long enough to get a good joint 
and no longer. 

The bottom view shows the arrangement of 
the power supply and the if. output cir- 





Fig. 1405 — The plate power supply occupies the 
- right-hand section of the chassis in this bottom view. 
The i.f. output section is in the upper left corner. 


cuit, The transformer for the latter is wound on 
a National PRE-3 polystyrene form. It is 
mounted on a bracket to keep it about equally 
spaced from the top of the chassis and the bot- 
tom of the cabinet in which the chassis fits. 
The various a.c. and d.c. supply connections 
from the converter are brought to lug strips as 
shown; the cathode resistors for the r.f. and 
mixer stages are mounted here where they are 
readily accessible for trying different values. 
The power supply parts are arranged to fit in 
the remaining space, although the power trans- 
former is probably. in about the only spot 
where it could be placed without interfering 
with anything on top. The rubber feet at the 
rear of the chassis are used to give a little space 
for circulation of air, since a fair amount of 


YQ" from L5 


YQ" from Li 
14" from L3 


1%” from Ls 


All coils wound on %-inch diameter forms 
(Amphenol type 24-5H, 5 prong). 
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heat is developed by the transformers and 
regulator tube. 

A few mechanical points should be given 
consideration in assembling the tuning con- 
densers. The screw-on shafts are likely to come 
loose with use unless they can be anchored in 
some way, and soldering is about the simplest 
scheme. The heat tends to cause the lubricant 
to run out of the shaft bearing, however. An- 
other important point is to get the shafts of 
the three condensers lined up accurately so that 
the rotors turn freely. The chief thing is that 
any twist, particularly at the oscillator con- 
denser shaft, will tend to bend the rotor out of 
line slightly with respect to the stator, and 
since the twisting depends upon the direction 
of rotation, this means that the assembly will 
have bad backlash. For the same reason the 
dial must be lined up accurately with the con- 
denser shafts. It is hard to give any but gen- 
eral directions; line up the shafts as accu- 
rately as possible, and fix the stators where they 
want to come on the chassis, using shims if 
necessary. 

Alignment of the converter will involve some 
cut and try, using the coil specifications given 
in the table as a guide. It is best to line up the 
5-meter coils first, before tackling the 214- 
meter band. The first step is to make the oscil- 
lator cover the proper range, the object being 
to spread the band over about 75% of the dial 
scale. With the 10.2-Mce. if., the oscillator 
range, to cover 56 to 60 Mc., will be from 45.8 
to 49.8 Me., and this may be checked on an- 
other receiver, if available. If not, probably it 
will be necessary to use actual signals in the 
band for the purpose, which also will involve 
having at least the mixer hooked up. With the 
circuit specifications given, the oscillator pad- 
ding condenser should be set at about half 
scale. The inductance of Ls may be adjusted 
by closing up or opening out the turn spacing, 
which can be done within limits without mov- 
ing the ends of the coil. Once the right range is 
secured the turns should be cemented in place. 
An alternative method of adjusting the in- 
ductance is to make the coil slightly large in 
the first place and then cut it down with a 
shorted turn of wire which may be slid 
along the coil form. A limited range of in- 
ductance variation can be secured by this 
method. 

The oscillator tickler, Lg, should be adjusted 
to give stable oscillation without squegging. 
Squegging is evidenced by a whole series of sig- 
nals instead of one, and can be cured by re- 
ducing the feedback, either by using a smaller 
number of tickler turns or by moving the tickler 
farther away from the plate coil. Incidentally, 
the oscillator should have a good steady d.c. 
note, if means are available for listening to it 
in another receiver. For this check to mean 
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anything, the receiver used also should intro- 
duce no modulation on incoming signals. 

Once the oscillator range is set, the mixer 
should be lined up to match. To do this, have 
the r.f. tube in its socket, but connect a resistor 
of a few hundred ohms from its grid to ground 
instead of using Z;. The mixer primary, Lu, 
must be in place, since it will have some effect 
on the tuning range of L3Ce. Connect the r.f. 
output leads to the doublet posts on the com- 
munications receiver, set the latter to 10.2- 
Mc., and adjust Cis for maximum hiss, with 
the- oscillator tube out of its socket. Then re- 
place the tube and with the oscillator set for 
56 Mc., adjust the trimmer, C4, for maximum 
hiss; reset the oscillator to 60 Mc. and readjust 
C4. If more capacity is needed at C4, the in- 
ductance of Ls is too large; if less, Lz is too 
small. Make an appropriate small change in 
the inductance and try again, continuing the 
process until C4 peaks at the same setting at 
both ends of the band. The inductance of L3 
may be adjusted by the means described above. 

When this process is finished, C4 should be 
well in the air-dielectric portion of its range. 
Should the movable plate be close to the mica, 
Lz is considerably too small. However, this 
would be accompanied by reduced tuning range 
on Ce, and it is doubtful’if high padding ca- 
pacity would permit full band coverage. 

The r.f. stage is aligned in just the same way 
as the mixer circuit. First alignment should be 
with nothing connected to the antenna posts. 
Should oscillation occur, reduce the size of Ly 
until the stage is stable. Some slight trace of 
regeneration may remain, as indicated by an 
exaggerated peaking in the r.f. stage, but this 
will disappear with any sort of antenna load on 
the r.f. tuned circuit. 

The procedure for adjusting the 112-Mc. 
coils is similar to that described above for 56 
Me. Because of the convenience, it is desirable 
to adjust the oscillator coil so that the trimmer 
Cg does not need resetting when changing 
bands. (Bib. 1.) 


eA SIMPLE 56- AND Ii2-MC. 

CONVERTER 

The converter shown in Figs. 1406, 1407, 
1408, 1409, 1410 and 1411 uses a 1282 loktal 
tube for the mixer and a 7A4 for the h.f. oscil- 
lator. Although its sensitivity is not quite as 
good as that of the converter just described, it 
affords a simple converter for the u.h.f. range 
that will prove perfectly satisfactory. By 
grouping the tuning condenser, coil and tube 
socket closely together, it is a relatively simple 
matter to achieve low-enough circuit capaci- 
ties to work readily on 112 Mc. As can be seen 
from Fig. 1408, the grid of the 1231 mixer is 
tapped down on the coil, to reduce the loading 
on the circuit and obtain a better gain in the 
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Fig. 1406 — The simple converter uses a 7A4 oscil- 
lator and a 1232 mixer. The panel dial is the oscillator 
tuning dial; the panel knob is the mixer tuning control. 
The knob on the side adjusts the oscillator band-set 
condenser. 


stage. The plate-tickler circuit is used in the 
oscillator, so that the cathode can be grounded 
directly and thus give a minimum of hum to 
the signal. : 

The oscillator tuning condenser is a 15-yyfd. 
condenser from which several plates have been 
removed, and this is paralleled by a 35-yyfd. 
band-set condenser. With this type of band- 
spread system, the converter can be set to the 
desired frequency band, the mixer condenser 
turned to the point, where the noise is greatest, 
and then the tuning is all done with the small 
oscillator condenser. When a signal has been 
tuned in, the mixer can be peaked again, but it 
is not usually necessary over the range of the 
band-spread condenser. The pulling of the os- 
cillator by adjustment of the mixer tuning 


condenser is very slight because of the loose - 


coupling. Am 

All of the metal is 1/16-inch thick alury ain 
but other metals can be substituted if neces- 
sary. The panel is 514 by 8 inches, but it is 
longer than is absolutely necessary and could 
be trimmed to be only 6 inches long. The extra 
length was included to put the dial in the cen- 
ter of the panel and also to provide room for 
possible future switches for shifting to various 
if. amplifiers. The chassis itself is built from a 
piece of 514-inch wide metal bent to form a 
37-inch wide top and 4-inch deep back. A 
14-inch lip is bent down from the top to fasten 
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the chassis to the panel. The two sides are 
made by forming shallow U’s (with 14-inch 
sides) to fit between the panel and the back of 
the chassis. A shield is made and fitted under 
the chassis, making the oscillator compartment 
21% inches wide. This shield mounts the oscil- 
lator tuning condenser and also takes the 
National TPB victron through-bushing which 
serves as a coupling condenser between oscilla- 
tor and mixer. 

The coil forms are the small 34-inch diameter 
Amphenol ones made of polystyrene, and the 
coil sockets are also of polystyrene. The coil 
sockets mount simply by drilling a suitable 
hole and sliding the retainer rings over the 
sockets. The tube sockets are also made by 
Amphenol and mount in much the same fash- 
ion. For short leads, the oscillator socket should 
be mounted with the slot towards the rear of 
the set, and the mixer socket should be 
mounted with the slot towards the left-hand 
side of the set. 

As mentioned before, the oscillator tuning 
condenser, C3, is mounted on the shield parti- 
tion, and the band-set condenser, C2, is 
mounted on the right-hand side of the chassis. 
The band-set condenser is insulated from the 
metal by fiber washers so that there is only one 
ground point to the chassis for the oscillator 
circuit, that through the oscillator tuning con- 
denser. The mixer tuning condenser, C4, is 
mounted on the right-hand side of the chassis 
and grounds the mixer circuit at that point. 





Fig. 1407—A rear view of the converter shows the 
two plug-in coils and the’antenna terminals. The wire 
leading off at the left is the battery cable; the twisted 
pair on the right carries the output to the i.f. amplifier. 
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Fig. 1408 — Wiring diagram of the u.h.f. converter. 
Ci — 15-ypfd. midget variable (Hammarlund HF-15), 
C2 — 35-upfd. midget variable (Hammarlund HF-35). 
C3 — 10-uyfd. midget variable (Hammarlund HF-15 

with one stator and one rotor plate removed). 

Cs — 100-ppfd. midget mica. 

Cs, Ce, C7 — 500-nufd. midget mica. 

Cs, Co — 0.01-ufd. 600-volt paper. 

Ri — 500 ohms, 14-watt carbon. 

Re — 125,000 ohms, 1-watt carbon. 

Rs — 20,000 ohms, 14-watt carbon. 

Ra — 10,000 ohms, 1-watt carbon. 

Ti —3 Me.: 75 turns No. 30 d.s.c. closewound; coupling 
coil is 20 turns No. 30 d.s.c. closewound 
inch from ground end of coil. 

5 Me.: 45 turns No. 30 d.s.c. closewound; cou- 
pling coil is 14 turns No. 30 d.s.c. closewound 
4 inch from ground end of coil. 

The transformers are built in the Hammar. 
lund ETU units. Both sections of the condenser 
are used. 

Li — 112 Me.: 24 turns No. 20 enam., 34-inch diam., 
spaced diam. of wire. Grid tap at 34 turn from 
top. 

56 Me.: 414 turns No. 20 enam., 34-inch diam., 
spacewound to occupy }% inch. Grid tap at 114 
turns from top. 

L2—112 Me.: 3 turns No. 20 enam., 14-inch diam., 
closewound one wire diameter below cold end 
of Ii. 

56 Me.: 3 turns No. 24 enam. closewound 
inch below Li. 

Ls —112 Me.: 1 turn No. 20 enam. 44-inch diam., 
3 wire-diameters below La. 

56 Mce.: 1% turns No. 24 enam. closewound 
1g inch below La. 

Ls —112 Me.: % turn No. 20 enam., 34-inch diam., 

56 Mce.: 134 turns No. 20 enam. spaced to oc- 
cupy \% inch. 


The oscillator tuning condenser and the 
mixer tuning condenser are fastened to their 
respective panel controls through insulated 
couplings, to avoid duplication of grounds. 

One of the mounting screws for the tuning 


. dial also serves to hold the top of the chassis to 


the panel, and another one holds the partition 


_to the panel. 


The panel and sides should be left off until 
all of the wiring that can be done without 
them has been finished. Heater leads, ground 
connections, by-pass condensers, and resistors 
can all be put in before the sides and panel are 
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Fig. 1409 — A shot un- 
derneath the converter. 
Note that in the oscillator 
section (on the left) the 


* band-set and tuning con- 


densers butt into each 
other for short leads. The 
band-set condenser is in- 
sulated from the side 
panel by an_ insulated 
washer, and the oscillator 
circuit grounds to the 
chassis at only one point, 
through the tuning con- 
denser. The  victron 
through-bushing which 
serves as coupling bhe- 
tween mixer and oscillator 
can be seen on the parti- 
tion just above the oscilla- 
tor tuning condenser. The 
bushing connects to the 
1232 grid on one side and 
to nothing on the other. 


fastened. One should be a bit careful not to tacts will loosen from the heat’s effect on the 
hold the soldering iron on the polystyrene coil polystyrene. A small, pointed soldering iron 
sockets for any longer than is necessary to comes in very handy here. A lead is run from 
start the solder flowing, or else the socket con- _ the grid of the 1232 to the through-bushing on 





Fig. 1410 — The mixer circuit can be seen when the side panel is removed, giving 
an idea of the placement of the parts. The tie strip at the lower right takes the output 
leads from the transformer. The through-bushing can be seen just to the left of the 
tuning condenser, with a wire from it running to the 1232 grid. 
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the partition but no 
connection is made on 
the oscillator side, 
since the capacity be- 
tween the bushing and 
the oscillator leads is 
sufficient for coupling. 
All r.f. leads and leads 
from by-pass conden- 
sers are kept short and 
direct. 

The coil for the 5- 
meter range is wound 
in the usual manner 
on the outside of the 
coil forms. No trouble 
should be had in find- 
ing the 5-meter ama- 
teur band, since the 
tolerance on this range 
of coil is fairly wide. 
The only care neces- 
sary is to prevent the 
pins from loosening up 
in the forms because 
of the heat when sol- 
dering. The wire 
should be well cleaned 
and a spot of flux used 
on the tip of the pin. 
No attempt should be 


Fig. 1411— The 112-Me. coils 
(right) are self-supporting inside the 
coil forms, while the 56-Me. coils are 
wound in the usual manner. 


made to flow solder on the pin and wire, but a 
drop of solder picked up by the iron can be held 
against the pin for just an instant, long enough 
to solder wire and pin together. If the pin 
loosens up or moves out of place, it can be 
heated again slightly (by holding the soldering 
iron against it) and held in the proper position 
with long-nosed pliers. When the metal (and 
coil form) cools, it should be as solid as ever. If 
it isn’t, it doesn’t matter too much, since the 
form can still be plugged in the socket without 
difficulty. : 

The coils for the 214-meter range are wound 
inside the coil forms. It is, however, a simple 
matter to adjust them, since the coil forms can 
first be sawed through near the base and the 
coils adjusted by spreading the turns. When 
the adjustments have been made, the coil 
form can be fastened together by Duco ce- 
ment, and there will be no danger of the coil’s 
being injured by handling. 

The usual rule must be followed for the os- 
cillator coil, i.e., if both grid and plate coil are 
wound in the same direction, the grid and plate 
connections come off opposite ends (in this case 
the outside ends). 

The connections on the oscillator coil, look- 
ing at it from the bottom, are (starting with the 
oddly-spaced pin and going clockwise): plate, 
ground, B plus, grid and blank. In the same 
manner, the mixer-coil connections are grid, 
tuning condenser, antenna, antenna and 
ground. Both mixer and oscillator coil sockets 
are mounted with the odd pin at the top. 

If the connections have been made correctly 
and kept short enough, no trouble should be ex- 
perienced in making the oscillator oscillate in 
any of the ranges. For the 112-Mc. band, the 
oscillator band-set condenser will be at mini- 
mum capacity, but will set at about mid scale 
for the other range, varying slightly with the 

“i.f. used. 

The converter is coupled into the i.f. ampli- 
fier through a low-impedance link, and this re- 
quires that the input transformer in the i.f. 
amplifier be modified by winding a number of 
turns about the grid coil and connecting the 
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link to this coil. Alternatively a duplicate of 
the output transformer 7, can be built and 
substituted for the first transformer in the i.f. 
amplifier. If a receiver is used for the i.f. am- 
plifier, the output leads connect to ground and 
the grid cap of the mixer tube in the receiver, 
after the regular grid lead has been re- 
moved. 

Antennas for use with the converter present 
the same problem that they do with any u.h.f. 
receiver, and your particular favorite is the one 
to use. A little experimenting with the antenna 
coil Le may help in giving a better match to 
the antenna system — the dimensions given 
are average values that were about right for 
low-impedance line input. 

If signals are weak the trouble probably can 
be accounted for by too much or too little oscil- 
lator voltage reaching the mixer, and this can 
be adjusted over considerable range by moving 
the tickler coil Z3 closer to or farther away 
from L,4. However, the adjustment does not 
seem to be too critical. 

For maximum performance, it is suggested 
that a stabilized power supply be used with the 
converter. (Bib. 2.) 


@A 56-MC. CONVERTER WITH 1852 
R.E. AMPLIFIER 


The performance of a converter can be im- 
proved by equipping it with an r.f. amplifier 
stage to precede the mixer. The additional 
amplification provided is seldom necessary 
with a communications receiver functioning as 
an if. amplifier, but the improvement in both 
image rejection and signal-to-noise ratio is 
worth while. A converter with an r.f. amplifier 
stage is shown in Figs. 1412 and 1414. As the 
circuit, Fig. 1413, shows, an 1852 is used as the 
rf. amplifier or preselector, and a triode- 
hexode converter tube, the 6K8, is used as a 
combined mixer and oscillator. The intermedi- 
ate-frequency is 10 Mc. 

The metal chassis measures 1 by 314 by 
7 inches. Shielding between stages is provided 
by the right-angle partition shown in the 
photograph. This partition is 234 inches high, 
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Fig. 1413 — The 1852-6K8 converter circuit. 


Ci, Co— 15-yyfd. midget variable (National UM-15). 

Cs — Same as Ci with two rotor and one stator plate 
removed. 

C4, Cs — 30-yyfd. compression-type padders. 

Ce to Co, inc. — 0.005-nfd. mica. 

Cio — 0.002-nfd. mica. 

Ci1 — 250-yufd. mica. 

Ciz — 100-yyufd. mica. 

Ri — 200 ohms, }4-watt. 

Re — 65,000 ohms, 14-watt. 

Ra — 50,000 ohms, 14-watt. 

Ra — 300 ohms, 4-watt. 


and the side parallel to the front edge of the 

chassis is 4 inches long. The portion that sup- 

ports the 6K8 is 214 inches long. The 6K8 

is mounted at the bottom of the shield, 

— the grid cap facing the left end of the 
ase. 

The 1852 grid tuning condenser, C,, and 
coil, Z1, are mounted to the rear of the 4-inch 
section of the shield. The 1852, condenser C2, 
and coil Le are mounted in front of the parti- 
tion, with C2 directly in line with C;. A hole 
through the shield permits the two shafts to be 
connected by a flexible coupling. Both of the 
coils, and also coil L3, have their terminals 
ae directly to the appropriate condenser 
ugs. 





Fig. 1412 — A superhet converter for 56-Me. recep- 
tion. Designed for use with a communications-type 
receiver, this converter has an 1852 r.f. stage and a 6K8 
mixer-oscillator. It uses a high-frequency i.f. (10 Mc.) 
for image reduction. 
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Rs — 20,000 ohms, 14-watt. 

Re — 20,000 ohms, 2-watt. 

RFC — In 1852 plate circuit, 2.5-mh. pie-wound; in 
oscillator circuit, solenoid type (Ohmite Z-1). 

Li — 6 turns No. 14, diameter 1 inch, length 1 inch. 

Le — 6 turns No. 14, diameter 1% inch, length 54 inch. 

L3s—10 turns No. 14, diameter 4% inch, length 144 
inches, tapped 4th turn from grid end. 

I.F. Output Transformer — P, 25 turns No. 28 d.s.c. 
closewound on half-inch form; S, 6 turns wound 
over P at bottom; C, 35-yyufd. midget variable. 


The oscillator-mixer section of the circuit is 
to the right of the 214-inch partition, with the 
tube socket mounted on the same side. C3, also 
mounted on the partition, is located at the rear 
of the tube socket. The if. transformer, 71, is 
mounted at the right-rear corner of the chassis. 
The output leads from this transformer are 
shielded to prevent stray pick-up between the 
converter and the receiver. By-pass condensers 
and resistors are closely grouped around the 
tube socket, assuring short leads. A trimmer 
condenser, C4, soldered across Ls, allows a small 
variable capacity to be used as the tuning ele- 
ment and at the same time makes the circuit 
fairly high-C in the interests of good stabil- 
ity. 

A small panel is used to mount a vernier dial 
for the oscillator condenser. Since the r.f. 
tuning is not critical and, indeed, is broad 
enough to cover a good portion of the band 
with one setting, a small knob gives sufficient 
control. 

The output line may be connected to the an- 
tenna and ground terminals of the standard 
receiver used as an i.f. amplifier, or to the 
“doublet” terminals, if provided. The exact 
if. chosen is not particularly important, so 
long as it is in the vicinity of 10 Mc. Choose a 
frequency which is free from signals, if possible, 
so that there will be no unnecessary interfer- 
ence from this source. 

Tuning of the converter is as follows: With 
the r.f. and oscillator condensers at about half 
capacity, the padder, C4, is adjusted until 
56-Mc. stations of known frequency are heard. 
After this the padder may be set to bring the 





Fig. 1414 — Below-chassis wiring of the metal-tube 
converter. The 1852 socket may be seen at the right. 


high-frequency end of the band near minimum 
capacity on C3. The if. transformer should 
then be tuned for maximum signal strength. 
The 56-60-Mc. band will occupy approxi- 
mately 60 to 70 divisions on the dial. The rf. 
and mixer input circuits, 2}C; and LeCe, may 
be made to track by squeezing or spreading 
the turns of Z; and Le until both cover the same 
frequency range, as determined by loosening 
C; from the coupling and turning it independ- 
ently to see if it peaks the noise at the same 
setting as Co. 

Any type of antenna may be used, so long as 
it loads the r.f. grid circuit quite heavily. 
Optimum operation will result under these 
conditions. A single-wire antenna may be 
capacity-coupled, while a two-wire feeder 
system preferably should be inductively cou- 
pled. The coupling coil should be slightly 
smaller than the r.f. coil, Zy. 
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eA SUPERREGENERATIVE RECEIVER 
FOR Li2 AND 224 MC. 


The receiver shown in Figs. 1415, 1416 and 
1417 has very good sensitivity on both 112 and 
224 Mc., although it is not free from radiation 
as is a receiver with an r.f. stage. However, for 
the amateur who wishes to experiment on these 
two u.h.f. bands, this receiver will permit good 
reception at a minimum of expense. There is 
nothing unusual about the circuit —it is the 
self-quenched detector familiar to all u.h.f. 
men followed by two stages of audio amplifica- 
tion. 

The receiver is built on a 7- by 7- by 2-inch 
chassis. The dial is mounted in the center of the 
panel and is connected to the tuning condenser 
by a bakelite flexible coupling. The condenser is 
mounted on a metal bracket cut out in the 
shape of a ‘‘U”’ to clear the stator connections 
of the condenser. 

The socket for the plug-in coils is made from 
the contacts taken from an Amphenol 78-7P 
miniature tube socket. They are obtained by 
squeezing the socket in a vise until the bakelite 
cracks, after which they can be easily removed. 
One of these contacts is soldered to each of the 
tuning condenser connections and a third is 
soldered to a lug supported by one of the extra 
holes of the Isolantite base of the tuning con- 
denser. The only care necessary in mounting 
the contacts is to see that they are all the same 
height, so that the plug-in coil will seat well on 
them. The band-set condenser, C2, is mounted 
by soldering short strips of wire to the ends and 
then soldering these wires to the tuning con- 
denser terminals, 

The polystyrene tube socket for the 9002 
is mounted on a metal bracket which is placed 





Fig. 1415 — Left — The panel of the two-band superregenerative receiver measures 7 inches square. The knob in 
the upper right-hand control adjusts the antenna coupling and the knob below the tuning dial controls the regen- 
eration. Right — A view of the back of the two-band superregenerative receiver shows the variable antenna coupling 
and the placement of parts. Note the 224-Me. coil in the foreground — the 112-Me. coil is in the coil socket. 
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Fig. 1416 — Wiring diagram of the two-band superregenerative receiver. 


C; — Two-plate variable (National 
M-15 with 4 plates re- 
meved). 
Cs — 3 — 30-yufd. mica trimmer. 
Cs — 50-yufd. mica. 
Cs — 0.003-ufd. mica. 
Cs, Cz—10-yfd. electrolytic, 25 
volts. 
Li — 1 turn No. 14 enam. wire, 34-inch inside diam. 
Ia—112 Me.: 3 turns No. 18 enam., 14-inch diam., 
spaced to }4-inch winding length. Tap 114 turns 
from plate end. 
224 Me.: 2 turns No. 18 enam., 14-inch diam., 


Ra — 50,000-ohm 


Ra — 2500 ohme. 


close enough to the tuning condenser to allow 
a very short lead from the tuning condenser to 
the plate connection and just enough room be- 
tween the rotor of the condenser and the grid 
connection of the tube for the grid condenser to 
fit. The heater and cathode leads are brought 
down to the underside of the chassis through a 
rubber grommet. 

The variable antenna coupling coil is 
mounted on a polystyrene rod supported by a 
shaft bearing. The rod is prevented from mov- 
ing axially in the bearing by cementing a fiber 
washer to the shaft and tightening the knob on 


Ce — 0.01-ufd. paper, 400 volts. 
Ri — 10 megohms. 


wire-wound. 
Rs — 0.1 megohms, 1 watt. 


Rs, Re, R7 — 0.1 megohms. 
Rs — 500 ohms, 1 watt. 


All resistors }4-watt carbon unless 
otherwise mentioned. 

J — Closed circuit jack. 

S — S.p.s.t. toggle switch. 

Ti — Single plate to single grid 
audio transformer (Thor- 
darson T57A36). 


potentiometer, 


spaced to }4-inch winding length. Tapped at 


center. 

RFC; — 25 turns No. 24 d.c.c. close-wound self-sup- 
porting, 14-inch inside diam. 

RFCz — 8 mh. r.f. choke. 


the other side so that the shaft does not move 
too freely. The antenna coupling loop should 
be adjusted so that it will just clear the coils 
when they are plugged in the socket. 

The coils are mounted on small strips of %- 
inch polystyrene (Millen Quartz-Q) which 
have three small holes drilled in them corre- 
sponding exactly to the tops of the coil sockets. 
The coil is cemented to the strip with Duco 
cement at the points where the wire passes 
through the strip. The No. 18 wire used for the 
coils will fit snugly in the sockets if the sockets 
are pinched slightly. A coil socket of this type 


Fig. 1417 — Left — A close-up view of the tuning assembly shows how the leads from tuning condenser to tube 
socket have been kept short and how the coil socket is mounted on the tuning condenser. Hidden by the grid con- 
denser (the 50-uufd. condenser so prominent in the picture), the plate terminal of the tube socket goes to a lug that 
has been added to the rotor of the tuning condenser. Right — The arrangement of parts under the chassis can be 
seen in this photograph. The 6J5 socket is on the left and the 6F6 socket is on the right, near the speaker terminals. 





allows very short leads to be used and is about 
the only thing practical until some manufac- 
turer brings out a commercial product along 
these lines. The coils are trimmed to the bands 
by spreading the turns slightly, a procedure 
familiar to any u.h.f. man. However, in this 
case the band-set condenser gives some further 
range of adjustment and, in the receiver as de- 
scribed, it is screwed down fairly tightly for the 
112-Mce. band and loosened about four revolu- 
tions for 224 Mc. If there are no good marker 
stations among the local amateurs, the Lecher 
wires described in Chapter Eighteen are excel- 
lent for spotting the bands. 

Two things will be found to influence the 
sensitivity of the receiver, the value of C4 and 
the degree of antenna coupling. It is recom- 
mended that values of C4 from 0.001 to 0.005 
ufd. be tried. The antenna coupling will, of 
course, vary greatly with the setting of the coil 
and with the type of antenna that is used, and 
it is well worth while to tune the antenna cir- 
cuit and then vary the coupling with the panel 
control. Tight.coupling will usually give better 
results than loose coupling, and the coupling 
can be increased almost up to the point where 
it is impossible to make the detector oscillate 
with no ill effects except increased radiation 
and QRM for other receivers in the vicinity. 

No audio volume control was included in this 
receiver because the parts were held down to a 
minimum, but one could easily be added. In 
this receiver, the value of R7 was adjusted until 
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normal loud speaker output was obtained, and 
it can be varied to meet anyone’s particular 
requirements. (Bib. 3.) 


eA T.R.F. SUPERREGENERATIVE 
RECEIVER 


The receiver shown in Figs. 1418, 1419, 1420 
and 1421 is practically identical to that de- 
scribed above with the exception that a stage 
of tuned r.f. amplification and an audio gain 
control have been added. The 9001 used for 
the r.f. amplifier gives some slight gain, good 
freedom from antenna effects and — most im- 
portant of all — it prevents any radiation from 
the receiver. 

The arrangement of parts, as shown in the 
photographs, is convenient in that it gives a 
fully-shielded receiver (except for the r.f. 
tubes) that is easy to work on. Ther.f. unit can 
be demounted from the chassis and worked 
with separately and, once adjusted, it can be 
replaced and left alone. The receiver is a one- 
band affair, but the only disadvantage there is 
lack of economy. The main chassis is 7- by 7- 
by 2 inches and contains the audio end of 
things and the volume and regeneration con- 
trols. The r.f. portion is housed in a 3- by 4- 
by 5-inch box and everything but the dial and 
antenna terminals are mounted on a removable 
cover, enabling the builder to get at the parts 
easily. Only three leads are brought down from 
this box to the main chassis, and they: are left 
long enough so that they do not need to be un- 





Fig. 1418 — Left — The 112-Mce. t.r.f. superregenerative receiver uses a 9001 r.f. stage, a 9002 detector, a 6J5 
first audio and a 6F6 output stage. The knobs along the front are audio volume control (left) and regeneration con- 
trol. The rubber grommet on the side of the 3- by 4- by 5-inch box centers the screwdriver used for setting the detec- 
tor band-set condenser — a similar one is provided on the other side for the r.f. band-set adjustment. Note the 
*phone jack on the side — the speaker terminals are located at the rear. Right — A view under the chassis of the 
t.r.f. receiver shows the audio transformer and some of the other components. Note the three wires coming through 
the chassis to the right of the B+ switch — they are the leads from the r.f. section of the receiver. 
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Co, C4 — 3 — 30-pyfd. mica trimmer (Na- 
tional M-30 or Millen 28030). 

Cs, Ce, C7 — 500-nyfd. mica. 

Cg — 50-pyfd. mica. 

Cog — 0.003-yfd. mica. 

Cio, Ciz — 10-ynfd. electrolytic, 25 volts. 

Ci — 0.01-ufd. paper, 400 volts. 

Ri — 200 ohms. 

Rez — 0.25 megohm. 

Rs — 10,000 ohms. 

Ra — 10 megohms. 

Rs — 0.5-megohm volume control. 

Re — 50,000-ohmfregeneration control, wire- 
wound, 

R7z, Ro — 0.1 megohm, 1 watt. 

Rs — 2500 ohms. 

Rio — 0.5 megohm. 

Ru — 500 ohms, 1 watt. 

All resistors 44-watt carbon unless otherwise 
mentioned. 

Li— 13g turns No. 28 d.s.c. interwound 
between Le. 

L2— 2 turns No. 20 enam., 14-inch winding 
length. See text for trimming method. 

L3 — 11% turns No. 28 d.s.c. interwound be- 
tween La. 

L4 — 214 turns No. 20 enam., 14-inch wind- 
ing length. Tapped 1) turn from plate 
end. See text for trimming method. 

Li-Lz and L3—L4 wound on National PRE-1 
forms. 

RFC — U.b.f. r.f. choke (Ohmite Z-1). 

RFCz — Low-frequency choke (National 
OSR with windings in series. Connect 





6.3V -180+ B+ and Gnd together.) 
Fig. 1419 — Wiring diagram of the 112-Me. t.r.f. superregener- J — Closed circuit jack. 
ative receiver. S — S.p.s.t. toggle switch. 
Ci, C3 — 2-plate midget variable (National UM-15 with 4 plates Ti — Single plate to single grid audio trans- 
removed) ganged. ; former (Thordarson T-13A34). 


soldered every time the box is removed from adjusted when the receiver has been finally 
the chassis. A shield mounted on the side of assembled. 

the box helps to prevent coupling between the As can be seen from the close-up view of the 
r.f. and detector coils. Holes on either side of _ r.f. portion, the two tuning condensers and the 
the box allow the trimmer condensers to be two sockets are mounted on the removable top 


Fig. 1420 — The r.f. section of the 
receiver removed from the chassis. The 
detector tuning condenser is the one 
nearer the tuning dial and the detector 
socket is the one at the bottom of the 
picture. Note the interstage shield 
which is fastened to the side of the box. 
The trimming loop of the r.f. coil can 
be seen in the coil near the antenna 
posts. 
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Fig. 1421 — This close-up of the r.f. 
assembly shows the arrangement of 
parts and how the band-set condensers 
are mounted on the tuning condensers. 
Note the loose ends of the antenna coil 
(upper left) which are soldered to the 
antenna posts after the assembly is 
returned to the box. 


of the box and they support all of the compo- 
nents. The trimmer condensers are soldered 
directly to the tuning condenser terminals and 
the coils are self-supported by their leads. A tie 
strip takes the leads that run out of the box and 
also serves as a convenient point to fasten 
RFC, Cy and some of the other resistors and 
condensers. The leads are not quite as short in 
this arrangement as they are in the other re- 
ceiver, but it makes no difference because the 
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Fig. 1422 — Circuit diagram of converter for f.m. 
amplifier. 

Ci, Ce — 100-pufd. midget variable. 

Cz, Ce, C7 — 0.01-ufd. paper, 400 volts. 

C4 — 50-upfd. mica. 

Cs — 0.002-ufd. mica. 

Ri — 250 ohms, 14 watt. 

Rz — 50,000 ohms, 14 watt. 

Rs — 25,000 ohms, 1 watt. 

Ra — 50,000 ohms, 1 watt. 

T, — Input transformer to f.m. amplifier. 

Li — 4 turns No. 22 d.c.c. closewound 4 inch from Le. 

Le — 10 Me.: 11 turns No. 22 d.c.c. closewound on 1- 
inch diam. form. 

Ls — 15 Me.: 5 turns No, 22 d.c.c. closewound on 1-inch 
diam. form. 13 Mc.: 6 turns No. 22 d.c.c. close- 
wound on 1]-inch diam. form. 

La — 2 turns No. 22 d.c.c. closewound and distance from 
Ls adjusted to give 0.15 ma. current through Ro. 
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receiver is built only for 112 Me. and does not 
have to get down to 230 Me. 

The coils are wound on small polystyrene 
forms. It is suggested that the No. 20 wire coils 
be wound first and the plate tap for L, soldered. 
The coils can then be doped and, when the dope 
has hardened, the fine wire coils can be more 
easily wound in between the turns and fastened 
with dope. The No. 20 wire coils run through 
holes in the forms, while dope only is used to 
keep the fine wire coils 
secure. This has the ad- 
vantage that the fine wire 
coils can be trimmed by 
‘peeling off” a small frac- 
tion of a turn at a time — 
the larger coils are trimmed 
by bringing back the last half turn through the 
inside of the coil. By moving this half turn 
around, the inductance of the coil can be ad- 
justed over a range wide enough to allow the 
detector and r.f. circuits to track well over the 
whole band. This method of inductance trim- 
ming is described elsewhere in the Handbook 
(§ 7-7). 

The r.f. stage is trimmed by adjusting its 
trimmer condenser to the point where the re- 
generation control has to be set at a maximum. 
Either side of this point the control does not 
have to be advanced as far, and this indicates 
that the r.f. stage is not in resonance. When the 
r.f. and detector circuits are tracking well it 
will not be necessary to change the setting of 
the regeneration control more than 45° or so 
over the entire range. The bandspread can be 
increased by using less inductance and more 
trimmer capacity — with the coil specifica- 
tions given the band covers about 75 of the 100 
divisions of the dial. 
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A two-wire line from the antenna will nor- 
mally be best, and it should be tried with one 
side grounded or not, to see which gives the 
better coupling. In one instance where a single- 
wire antenna was used, some instability of the 
r.f. amplifier was traced to the antenna wire 
running too close to the detector tube, and it 
is recommended that the antenna wire or wires 
be run away in such a fashion that there is no 
chance for coupling of this type. (Bzb. 3.) 


eF.M. LF. AMPLIFIERS 


As pointed out earlier in this chapter, an 
f.m. receiving system differs from an a.m. one 
in that the pass band is wider and a limiter 
and discriminator are used instead of a second 
detector. The front end of an f.m. receiver is 
conventional, and any of the converters de- 
scribed can be used to feed an f.m. if. ampli- 
fier. The f.m. i. amplifier can be either the 
if. amplifier of a broadcast f.m. re- 
ceiver (of which there are several on 
the market) or it can be readily built 
by the amateur. If the if. system of 
the f.m. broadcast receiver is used, 
the if. frequency should be learned so 
that the output of the converter can 
be tuned to this frequency and coupled 
to the grid of the mixer tube of the re- 
ceiver, or if the converter is already 
built, a separate converter to work 
from the first converter into the f.m. 
intermediate frequency can be used. 
Such a device is shown in Fig. 1422. 

Since most of the available broad- 
band i.f. transformers suitable for f.m. 
reception are built for frequencies of 
5, 4.8 and 3 Mc., it is necessary to use 
a conversion between the output of 
the converter (usually 10 Mc.) and 
the f.m. if. system, unless the conver- 
ter is rebuilt to give output on the 
f.m. intermediate frequency. Such a 
converter can be made simply from a 
single 6K8 tube, and the circuit and 
necessary constants are given in Fig. 
1422. The combination of C-L¢ is 
tuned to the converter output fre- 
quency. 7 is the input transformer of 
the f.m. amplifier, and L3-C2 is tuned 
to the sum of the converter output frequency 
plus the f.m. amplifier frequency. For example, 
a converter giving 10-Mc. output and working 
into a 5-Mce. i.f. amplifier will have the oscillator 
(L3-C2) tuned to 10 + 5 or 15 Me. 


@A 5-MC. F.M. I.F. SYSTEM 


The if. amplifier shown in Figs. 1423, 1424 
and 1425 is a broad-band affair working on 5 
Me. that can be used for either f.m. or a.m. 
reception by switching the grid lead of the first 
audio tube from across the discriminator load 
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(for f.m. reception) to the limiter grid resistor 
for a.m. reception. Because a wider-band am- 
plifier is required for f.m. than for a.m., the 
amplifier is not as selective as it could be on 
a.m. signals, but this presents no particular 
difficulty at the present time, with QRM pre- 
senting a problem only in rare instances. Used 
with the converters described (or any combina- 
tion capable of working into a 5-Mce. amplifier), 
the system can be used for the reception of 
a.m. and f.m. signals in the 48-Mc. band, 
a.m. and f.m. amateur signals in the 56-Mc. 
band, and f.m. and a.m. signals in the 112-Mc. 
band. If you can get the fellows you work on 
112 Me. who are using modulated oscillators 
to cut down their modulation (and thus bring 
their frequency deviation down to a reasonable 
range), the system makes a grand receiver for 
the reception of modulated oscillators, and 
even the smallest transceiver will sound many 





Fig. 1423 — The 5-Mc. f.m./a.m. amplifier is built, complete 
with power supply, on a 7-inch by 9-inch by 2-inch chassis. Controls 
on the front, from left to right, are audio volume control, B-plus 
switch and limiter control. The switch on the side is for changing 
from f.m. to a.m. and back, and the jack allows a meter to be 
plugged in to read limiter current. 


times better and save audio power as well. 

As can be seen from an examination of Fig. 
1424, two stages of high-gain amplification 
using Type 1852 tubes are unconventional 
only in that resistors are used across the trans- 
former windings, to widen the pass band, and 
no gain control is included. No control of gain 
is required because it is always desirable to 
work the stages preceding the limiter at their 
highest level. The limiter stage uses a 6SJ7, 
with provision through Ris to control the plate 
and screen voltage to set the limiting action to 


meet operating conditions. The use of a grid 
leak and condenser, Rig and C7; and low 
screen and plate voltage allows the tube to 
saturate quickly, even at low signal levels, and 
the tube wipes off any amplitude modulation 
(including noise) and passes only frequency 
modulation. For a.m. reception, the audio 
system is switched, by Sw, on to the grid leak, 
Rig, and the grid and cathode of the tube are 
used as a diode rectifier to feed the audio sys- 
tem. The jack, J, in series with the grid leak, is 
used for plugging in a low-range milliammeter 
so that the limiter current can be read. The 
limiter current indication is invaluable in 
aligning the amplifier, and the meter can be 
used as a tuning meter during operation. 

The discriminator circuit uses a 6H6 double 
diode in the conventional circuit. Audio from 
the discriminator (or from the limiter stage, 
in a.m. reception) is fed through the volume 
control, Res, into a two-stage audio amplifier 
using a 6SF5 and 6F6 output pentode. The re- 
sistor i, and the condenser C42 in the input of 
the audio circuit serve as a combined r.f. filter 
and a compensating network to attenuate the 
higher audio frequencies. It is necessary to in- 
clude some sort of compensation when listening 
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to 48-Me. broadcast stations, since nearly all 
of them use ‘‘pre-distortion”’ (accented higher 
frequencies). A 0.01-ufd. paper condenser can 
be added across the output terminals for fur- 
ther compensation, if it is considered necessary. 

The power supply uses a two-section filter, 
and an outlet socket is provided so that the 
converter power cable can be plugged in. A 
VR-150 regulator tube is used to regulate the 
voltage on the converter, making for additional 
stability of the converter with changes in line 
voltage. The addition of the regulator tube 
adds little in the way of expense to the am- 
plifier and, although not absolutely necessary, 
is a nice refinement. If desired, it can be left 
out by simply erasing it from the circuit. 

The amplifier is built on a 7-inch by 9-inch 
by 2-inch chassis. Reference to Figs. 1423 and 
1425 will show the location of the parts on the 
chassis. After all of the holes have been drilled 
for the various components, the sockets and 
the transformer should be fastened in place on 
the chassis, leaving off the variable resistors, 
switches, binding posts, jack and chokes until 
after most of the wiring has been done. 

If the amplifier is to be built to use low-im- 
pedance input coupling, as when working from 


6Su7 C9 


Fig. 1424 — Wiring diasram of the 5-Me. f.m./a.m. amplifier. 


Ci, Ca, on Ca, Cs, Ce, Cs, Cis, Cis — 
0.01-ufd., 600-volt paper. 

C7, Cio, Cir — 100-uyfd. midget mica. 

Cy — 50-pufd. midget mica. 

Ciz — 0.001-ufd. midget mica. 

Cia, Ci7 — 10-ufd., 25-volt electrolytic. 

Cie, Cis, Cig — 16-nfd., 450-volt electro- 
lytic. 

Ri, Ra — 55,000 ohms. Re — 200 ohms. 

Rs, Re — 50,000 ohms. Rs — 300 ohms. 

R7z — 40,000 ohms. Rs, Ris, Ro2 — 75,000 


ohms. 
Roe, Rio, Rie — 150,000 ohms. Riz, Ria — 
60,000 ohms. 


Ris, Ris — 100 ohms. 
Riz — 25,000 ohms, 10-watt wire wound 


(Ohmite). 

Ris — 3000-ohm wire-wound potentiom- 
eter. 

Rig — 5000 ohms, 10-watt wirewound 
(Ohmite). 


Reo — 500 ohms, 1-watt. 

Rai, Res — 250,000 ohms. 

Res — 5000 ohms. 

Res — 500,000-ohm volume control. 

Ti — 5-Mce. input transformer, modified. 
See text (Millen 67503). 


Te, Ts—5-Me. interstage transformer 
(Millen 67503). 

Tz —5-Mc. discriminator 
(Millen 67504). 

Ts — 700-volt, 90-ma. transformer with 
6.3- and 5-volt windings. 

Li — 9-henry, 85-ma. choke (Thordarson 
T-13C29), 

Lz — 10-henry, 65-ma. choke (Thordarson 
T-13C28). 

Swi — Selector switch, only two positions 
used (Yaxley 32112-J pe 

Swe — On-off switch, s.p.s.t. toggle. 

J — Closed-circuit jack. 


transformer 
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Fig. 1425 — A view of the top shows the arrangement of parts 
Along the rear, from left to right, are the input transformer, first 
1852, interstage transformer, second 1852 and interstage trans- 
- former. The second row of tubes, from right to left, are the 6SJ7 
limiter, 6F6 audio output and VR-150 voltage regulator. The 
transformer at the right front is the discriminator transformer, the 
6H6 detector is in front of it. The tube to the left of the 6H6 is the 
6SF5 first audio. Output terminals, converter power supply socket, 


and 110-volt line cord can be seen. 


a converter removed some distance from the 
amplifier, the first if. transformer must be 
modified. A link winding is made by first wind- 
ing a short strip of half-inch wide paper for 
several turns over the cardboard tubing used 
as a form in theif. transformer. Eleven turns 
of No. 30 d.s.c. wire are then close-wound flat 
around the center of the paper ring. Holding 
the wire in place with a finger, paint the coil 
with Duco cement to secure the turns in place. 
When the cement has dried, it should be pos- 
sible to slip the coil off the cardboard form. The 
plate and B-plus wires are removed from the 
trimmer condenser in the transformer, and the 
wires from the plate coil to the trimmer con- 
denser are disconnected. By unwinding and 
cutting off a turn or two of paper from the in- 
side of the paper ring, the 11-turn coil can now 
be slipped easily over the grid coil and fastened 
in position so that it covers the ground end of 
the grid coil. A piece of paper should be slipped 
-between the grid coil and the ground lead from 
the grid coil, to avoid any possibility of this 
lead shorting against the turns of the coil when 
the paper ring is slipped in place. The two ends 
of the link coil are brought out the bottom of 
the transformer can and later fastened to the 
input terminals of the set. 

It is, of course, possible to use the trans- 
former as is, by running the plate lead of the 
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transformer to the plate of the mixer 
tube in the converter, but this makes 
it less convenient to use the converter 
with sharper if. amplifiers, since it 
would require soldering and unsolder- 
ing wires in the converter each time 
the change was made. Further, the 
long lead to the mixer tube would in- 
crease the chances for stray pickup of 
signals in the vicinity of 5 Mc. 

The screen by-pass condensers, C, 
C4 and Cs, are mounted across the 
sockets so that they act as a partial 
shield between the plate and grid of 
the tube, as is the custom with single- 
ended tubes. Tie-points are used wher- 
ever they are needed for mounting 
resistors and condensers. It-is recom- 
mended that the 1852, 6SJ7 and 6H6 
stages be wired first, so that the leads 
carrying r.f. can be made as short and 
direct as possible. After that, the rest 
of the leads can be filled in wherever 
convenient. The wires from the audio 
volume control, Res, are shielded by 
running them in a single piece of flexi- 
ble copper braid. Whenever conven- 
ient, spare pins on sockets were used 
to support resistors, condensers, etc. 

If the parts list is duplicated, it will 
be found that the two variable resis- 
tors mounted on the front of the 
chassis will not clear the spade bolts projecting 
down from thei.f. transformers above, and this 
is easily remedied by cutting off 4% inch of the 
spade bolts before mounting the transformers in 
place. Also, in order to make room for the 6SF5 
cathode by-pass condenser, C17, some of the 
binding-post strip for the output terminals had 
to be filed off. A simpler way would be to 
mount the binding-post strip nearer the bottom 
of the chassis. The input terminals, a Millen 
crystal holder, are mounted on the outside of 
the chassis so that they will clear the limiter con- 
trol. A handy connector for plugging into this 
input terminal can be made from an old 5-prong 
tube base or coil form, by sawing across the 
base and removing the two correctly-spaced 
pins and their supporting strip of bakelite. 

If you have a source of 5-Mce. signal, such as 
a signal generator, aligning the amplifier is a 
very easy matter. If you don’t already have the 
source available, a simple e.c.o. can be built 
with the grid circuit on 2.5 Me. and the plate 
on 5 Me. using an ordinary receiving pentode 
like the 6K7. Or, if you already have the con- 
verter, tune your regular receiver to 5 Mc., 
couple in the converter and tune in a steady 
signal, such as a harmonic from your transmit- 
ter or some other strong signal. The converter 
output can now be transferred to the f.m./a.m. 
i.f. and the transformers aligned. This is done 


by plugging in a 0-1 ma. meter in the jack, J, 
and tuning the trimmers of the transformers 
for maximum current. You may have to hunt 
around a bit before the meter shows any 
indication, but once it starts to read the rest is 
easy. With a variable-frequency signal source, 
the signal is swung back and forth until some 
indication is obtained and then the amplifier 
alignment is completed. The exact frequency 
of alignment is unimportant as long as every 
stage can be tuned through resonance, which 
means that each trimmer can be adjusted 
through a maximum reading of the tuning 
meter. With the resistors across the circuits, it 
will be found that the transformers tune a little 
broader than normal, and the correct setting is 
in the midpoint of the broad point. Now that 
transformers 7, TT: and 73 are aligned, it 
should be possible to switch Sw to a.m. recep- 
tion and hear signals, or at least noise if the 
converter is on 56 or 48 Mc. There isn’t much 
noise on 112 Me. 

The alignment procedure can be carried on 
with a speaker connected to the output termi- 
nals through an output transformer or, if no 
speaker is used at this point, the terminals 
should be shorted with a jumper of wire, 
otherwise the 6F6 may be injured. The meter 
for alignment is a necessity, and no attempt 
should be made to line up the amplifier by ear 
except for very rough initial alignment. 

If you live within the range of an f.m. broad- 
cast station, adjustment of the transformer 7’, 
is a simple matter. Switch the amplifier on 
a.m., plug in the proper coils in the converter 
and tune in the f.m. station. It will sound 
pretty awful but don’t worry about that. 
Switch the amplifier to f.m. and tune around 
with the trimmers on 7’, until you start to hear 
the signal again. This is best done with the 
audio gain almost wide open and the limiter 
control set at about half scale. The trimmers 
are best adjusted with an insulated tool, to 
reduce body capacity effects, and they should 
be adjusted until the b.c. signal is clearest 
and loudest. It will be found that one of the 
trimmers (plate circuit) will affect the volume 
mostly, while the trimmer in the grid circuit 
will have the greatest effect on the quality. 
During this period of adjustment, the receiver 
is kept tuned to the signal as indicated by 
maximum limiter current. If one is available, 
an audio output m€ter can be used to deter- 
mine maximum audio output, although it is not 
an essential. 

In the event that there is no local f.m. broad- 
cast station, the only alternative is to line up 
the discriminator on an f.m. signal from an 
amateur station or, as a last resort, from a 214- 
meter modulated oscillator. The disadvantage 
with the self-excited u.h.f. oscillator is that it 
is usually modulated too heavily and it doesn’t 
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stay on one frequency long enough to allow the 
amplifier to be aligned. 

The final adjustment of the discriminator 
tuning can be checked by tuning in an a.m. 
signal. If the discriminator is properly tuned, 
the audio output (signal and noise) should 
practically disappear at the point that the 
signal as indicated by limiter current is a 
maximum. This is an indication that the dis- 
criminator characteristic crosses the axis at 
the mid-resonance point of the amplifier. Tun- 
ing the signal (by tuning the converter), it 
should be possible to understand the audio out- 


- put at points either side of this minimum- 


volume setting. These points should appear 
symmetrically on either side of the minimum- 
volume point and should have about the same 
volume. Slight readjustment of the discrimi- 
nator-transformer settings will bring this 
about. 

When using the amplifier, it will be noted 
that the a.m. signals appear to give louder 
signals than those from f.m. stations, compar- 
ing audio-volume-control settings on stations 
showing equal limiter current. This doesn’t 
indicate that the amplifier isn’t working 
properly nor does it indicate that more audio is 
obtained from an a.m. signal than from an f.m. 
signal of similar strength. It is, however, an 
indication that the discriminator characteristic 
could have more slope to it and not have its 
peaks so far apart. We mention this simply to 
forestall any inquiries on the part of amateurs 
experimenting with f.m. amplifiers. As discrim- 
inator-transformer construction is improved, 
this apparent shortcoming will disappear. 

The performance of the amplifier on a.m. re- 
ception could be improved somewhat by the in- 
clusion of a.v.c. on the two 1852 tubes, taking 
the a.v.c. voltage from the limiter grid leak 
through the usual filter circuit. However, this 
was considered an unnecessary refinement be- 
cause the amplifier will be used primarily on 
f.m. reception and the provision for a.m. re- 
ception was considered of secondary impor- 
tance. The amplifier should run ‘‘wide open” 
on f.m. reception. (Bib. 4.) 


@A COMPACT li2-MC. RECEIVER 

FOR MOBILE WORK 

The receiver shown in Figs. 1426, 1427, 1428 
and 1429 is designed especially for mobile in- 
stallations and particularly as a companion 
unit to the transmitter of Fig. 1541. The re- 
ceiver is built in a 3- by 4- by 5-inch box (the 


- same size as the control box) and it can be 


mounted on top of the control box or alongside 
it, depending on the available room in the car. 
As can be seen from the wiring diagram (Fig. 
1428) a 6V6 output tube is used, and it will 
furnish more than enough output to operate a 
5- or 6-inch speaker. Power for the receiver 
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Fig. 1426 — The mobile 112-Mc. receiver is built in a 
3- by 4- by 5-inch metal box. Antenna terminals and a 
hole to permit adjustment of the antenna coupling are 
at the left side. A pilot light at the top right-hand cor- 
ner is included for easy reading of the dial during night 
operation. The speaker cable runs out through the rear 
of the cabinet. 


can be furnished by the transmitter power sup- 
ply, and the on-off switching of the receiver 
can be tied in with the transmitter control to 
facilitate changing over, or any other power 
supply that will deliver over 200 volts can be 
used. 

A 9002 superregenerative detector is used, 
followed by a 6J5 and 6V6 audio amplifier. 
The antenna is inductively coupled to the de- 
tector, and this coupling is adjusted at the 
time of installation of the receiver. A band-set 
condenser, Ce, across the tuning condenser 
allows the band to be centered on the tuning 
scale and gives good band spread. Regenera- 
tion is controlled by the variable resistor Rg. 

The construction of the receiver is not diffi- 
cult, but close attention must be paid to the 
placement of parts in order that all of the com- 
ponents will fit into the box. The first step in 
laying out the receiver is drilling the holes for 
the dial. The tuning condenser shaft is centered 
between the top and bottom of the panel and 
located 134 inches in from the left-hand edge. 
Mounting holes for the tuning condenser are 
drilled using the Isolantite end-plate for a 
template, and the condenser is supported on 
13-inch spacers. The condenser is coupled to 
the dial through a flexible bakelite coupler and 
a short length of polystyrene rod, to insure 
adequate insulation between the condenser and 
the panel. Holes for the variable resistors and 
the pilot-light socket are drilled at the right- 
hand edge of the panel, 34 inches in from the 
edge. The cabinet must be notched with a file 
to allow the resistors and light socket to clear 
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the rolled-over edges when the unit is as- 
sembled. 

A small bracket to carry the 9002 socket is 
made of .-inch metal and attached to the 
tuning condenser. A good idea of the shape of 
the bracket can be obtained from Fig. 1429. 
The coil Z, is mounted between the stator 
plate terminal of C; and pin No. 1 of the tube 
socket and C2 is soldered across the terminals 
of C;. A hole must be drilled in the bottom of 
the box just below the adjustment screw of C2 
so that any minor changes of band set can be 
made after the receiver is completely assem- 
bled. 

The two audio tubes and the audio trans- 
former are mounted in the box, as can be seen 
in Fig. 1427. The sockets are supported off the 
side of the box by small brass spacers so that 
the socket pins won’t short on the metal of the 
box. It is convenient to make the connections 
to these sockets before they are fastened in 
place. The d.c. leads are brought to a 2-prong 
female socket located directly in front of the 





Fig. 1427— A view of the detector assembly also 
shows the two audio tubes mounted inside the cabinet. 
Note the antenna link which is connected to the antenna 
terminals and fits into the proper position when the unit 
is assembled. 
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Fig. 1428 — Wiring diagram of the 112-Mc. mobile receiver. 


Ci — 15-yyfd. variable with four plates removed (Na- 
tional UM-15). 

C2— 3 — 30-upfd. mica. 

C3 — 50-pzufd. mica. 

C4 — 0.003-nfd. mica. 

Cs — 0.01-ufd. mica. 

Ce, C7 — 10-pfd. electrolytic, 25 volts. 

Ri — 10 megohms, 4 watt. 

Ra, Rs — 0.1 megohm, 4 watt. 

R4 — 0.25 megohm, '% watt. 

Rs — 2500 ohms, }4 watt. 

Re — 500 ohms, | watt. 


6J5 socket. All connections of ground potential 
are made directly to the panel or case so that 
when the unit is assembled and fastened in 
place the connections will be made automati- 
cally. : 

Three lines of 14-inch diameter holes, one 
along the top of the case and two along the 
rear panel, should be drilled in the box before 
construction starts. These holes provide ven- 
tilation and prevent excessive heat from caus- 
ing possible failures in the waxed paper con- 
densers. 





Fig. 1429 — Another view of the detector assembly 
shows the shape of the small metal bracket which sup- 


ports the 9002 detector. The regeneration and audio 
volume controls are at the left — the audio gain control 
is the one at the bottom of the panel. 


R7 — 0.5-megohm midget volume control. 

Rs — 50,000-ohm variable. 

RFC; — U.B.E. r.f. choke (Ohmite Z-1). 

RFC2 — R.f. choke (Meissner 19-1995). 

Ti — Plate to grid coupling transformer (Inca G-52). 

Tz — Speaker transformer, 10,000 to 4 ohms (Jensen 
22362). 

Speaker — 5-inch (Jensen ST-443). 

Li — 3 turns No, 12 wire, }4-inch diam., spaced diam. 
of wire. 

Link — 1 turn No. 12, 3-inch diam. 


The receiver can be connected to the power 
supply and antenna to be used for testing be- 
fore it is installed in the car. Testing in this 
manner allows accurate setting of the band 
and preliminary setting of the antenna cou- 
pling. The antenna coupling is finally adjusted 
so that the receiver will superregenerate well 
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Fig. 1430 — Wiring diagram of the control circuit. Si 
and Se are mounted in the control box, along with the 
microphone jack and battery (see Fig. 1542), and the 
vibrator supply and the relay are mounted in the trunk 
compartment with the transmitter. 

Si — S.p.s.t. toggle. 
Se — S.p.s.t. heavy-duty toggle. 
Relay — 6-volt s.p.d.t. relay. 


over the whole range of the dial without any 
dead spots, but too loose coupling is to be 
avoided because it will reduce the sensitivity 
of the receiver. The adjustment that requires 
that the regeneration control be set towards 
the maximum end of its range before the set 
will superregenerate is the correct one. 

The control unit shown in Fig. 1430 allows 
one switch to turn the receiver on and the 
transmitter off and vice versa. When putting 
the station into operation, S, should be closed 
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and then S¢ closed. Closing S» will put voltage 
on the heaters of both transmitter and receiver 
tubes, turn on the vibrator supply and close 
the relay. This last action places the plate 
voltage on the receiver. When switching over to 
“transmit’’, S; is opened, releasing the relay 
and placing the vibrator output on the trans- 
mitter. During a QSO it is only necessary to 
throw S; when changing from ‘‘receive” to 
‘transmit’ and back again. Separate antennas 
are recommended — one at the usual front po- 
sition of the car for the receiver, and one at the 
rear of the car for the transmitter. The receiv- 
ing antenna can be a 14-wave or 14-wave verti- 
cal rod fed by concentric line. If a 14-wave an- 
tenna is used, it is advisable to make the length 
of concentric line an odd multiple of a quarter 
wavelength or else to adjust the length of 
the antenna for maximum coupling to the re- 
ceiver. 

If concentric-line feed from the antenna is 
used, it is recommended that concentric line 
with insulation over the outer conductor be 
used, with the outer conductor grounded at 
both the antenna end and the receiver end. If 
insulation is not used over the outer conductor, 
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there is a good possibility that vibration of the 
car will cause occasional grounds at points 
along the outer conductor, and this will change 
the loading and tuning of the receiver during 
operation. 

In general, noise reduction procedure is the 
same as that followed for automobile receivers 
for the broadcast band. Anything that con- 
tributes to quieter broadcast reception will 
help with the 112-Mc. operation but, since 
every car is practically an individual problem, 
no specific suggestions can be made. 

If the car does not have a light located con- 
veniently to the dash, the cap can be removed 
from the pilot light, and the lamp will give 
enough light by which to see the log book and 
note pad. 
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ALTHOUGH most of the transmit- 
ters described in Chapter Eleven can be used 
on the 28-Mc. band, the long leads and high 
minimum capacities of the tuning condensers 
make it desirable to design special equipment 
for the 56-Mc. band. Further, the excitation 
requirements for the same tubes are usually 
higher on 28 and 56 Mc., and exciter units de- 
signed expressly for these ranges should be 
used. The general practice is, however, exactly 
the same, except that particular care must be 
taken in the layout of components (for short, 
direct leads) and in the selection of tubes. It is 
well to work with tubes designed for the higher 
frequencies. 

Most of the 56-Mc. transmitters are shown 
with crystal control, for use with amplitude 
modulation. However, they can be adapted for 


f.m. by replacing the crystal with excitation - 


from a f.m. oscillator similar to that described 
in Figs. 1519, 1520 and 1521. Higher-powered 
transmitters can be built by adding amplifiers 
to the units shown, basing the design of the 
amplifier on the medium-powered one de- 
scribed in Fig. 1516. 


@A 10-WATT 56-MC. TRANSMITTER 


The transmitter shown in Figs. 1501, 1502, 
1503 and 1504 is an inexpensive affair using 
6A6-type tubes: throughout. As can be seen 
from Fig. 1503, one section of the first tube is 
used as a triode crystal oscillator on 7 Mc. 
while the second half doubles to 14 Mc. The 
two sections of the second tube are used as 
28-Mc. and 56-Me. doublers, and the third 
tube is a push-pull final amplifier. Capacitive 


Fig. 1501 — In this front view the 
oscillator, doubler and amplifier 
tubes run from left to right. The crys- 
tal socket is at the left end of the 
chassis and the output terminals are 
at the right. Tuning controls are ar- 
ranged in line along the front wall of 
the chassis. 


interstage coupling is employed except between 
the 56-Mc. doubler and the grid circuit of the 
final, where inductive coupling is used. 

In the oscillator, parallel plate feed permits 
grounding the rotor plates of the tuning con- 
denser; since the following grid circuit is series- 
fed there is no essential difference in r.f. per- 
formance between this and the more common 
circuit with series plate and parallel grid feed. 
Cathode bias allows the tube to operate at low 
plate current; it is not necessary to work the os- 
cillator very hard since the excitation require- 
ments of the first doubler are rather low. 

The 14- and 28-Mc. doubler circuits are 
identical except for the cathode resistor, Re, in 
the first doubler stage. The second doubler uses 
no cathode bias because it is desirable to secure 
as much output as possible to drive the 56-Mc. 
doubler. Parallel plate feed is used in both 
stages. 

The 56-Mc. doubler has series plate feed 
through an untuned plate coil. Since the cou- 
pling to the final grid circuit is fairly loose, the 
coil is made nearly self-resonant so that maxi- 
mum energy transfer will result. The push-pull 
amplifier circuit is the standard arrangement 
for neutralized triodes. 

Fixed or cathode bias is not required in the 
last three stages, either for operating or pro- 
tective purposes. The plate currents of the 
6A6s will not be excessive in the event that ex- 
citation fails or is purposely shut off. This is 
convenient in case the oscillator is to be keyed 
for c.w. work. 

Meter switching with shunt resistors (R7 to 
Ry, inclusive) provides for measuring plate 
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currents, although the meter is not incorpo- 
rated in the transmitter itself. 

The transmitter is built on a chassis measur- 
ing 3 by 4 by 17 inches. One tube is located at 
the exact center of the top and the other two 
are 414 inches to the right and left, respec- 
tively. It is advisable to mount the oscillator 
and doubler tube sockets with the filament 
prongs toward the front of the chassis and the 
amplifier tube socket with its filament prongs 





o 0 
D, C, 


Og METER 
! SWITCH 


Fig. 1502— The plate-voltage 
terminals are at the left in this rear- 
view photograph. The meter switch 
is flanked by the meter cord on the 
left and the 110-volt line cord on the 
right. The crystal-current bulb is 
mounted in a rubber grommet. 


facing the right end. This arrangement helps 
keep the r.f. wiring as simple and straightfor- 
ward as possible. The crystal socket and output 
terminals are each centered 134 inches in from 
the ends of the chassis. The second doubler 
tuning condenser, C3, is mounted in the center 
of the front wall of the chassis. The other vari- 
able condensers are to the left and right with 
234-inch spacing between shaft centers. C4, 
Cz and C3 are supported by the chassis wall 


Wov, AC 


Fig. 1503 — Wiring diagram of the 56-Mc. exciter-transmitter. 


Ci — 50-uufd. variable (Hammarlund HI-50). 

Ce — 35-uufd. variable (Hammarlund HF-35). 

C3 — 15-uufd. variable (Hammarlund HF-15). 

C4 — 50-upfd. per section dual variable (Hammarlund 
HFD-50). 

Cs — 15-uyfd. per section dual variable (Hammarlund 

HFD-15-X). 

Ce, C7 — 3-30-uufd. compression-type trimmer (Na- 
tional M-30). 

Cs, Co, Cio — 100-uufd. midget mica. 

Cir, Ciz, Cis, Cis, Cis — 500-uufd. midget mica. 

Ri — 15,000 ohms, 1% watt. 

R2.— 500 ohms, 1 watt. 

Ra, Ra, Rs — 30,000 ohms, 4% watt. 

Re — 1000 ohms, 1 watt. 

Rz, Rs, Ro, Rio. Ris, Riz — 25 ohms, 1% watt. 
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RFC — 2.5-mh. r.f. chokes (National R-100). 

B — 60-ma. pilot bulb. 

Sw — Two-circuit, 6-position selector switch (Mallory 
3226-J). 

T — 6.3-volt filament (Thordarson T- 
19F81). 

Li — 21 turns No. 22 d.s.c., close wound, 1-inch diam. 

L2— 11 turns No. 22 d.s.c., 1 inch long, 1-inch diam. 

L3 — 6 turns No. 14, 34 inch long, 1-inch diam. 

La — 9 turns No. 14, & inch long, 34-inch diam. 

Ls — 2 turns No. 12 each side of La, 1-inch diam., center 
opening 34 inch. Turns spaced diam. of wire. 

Le — 3 turns No. 12 each side of coupling link, 7%-inch 
diam., center opening 34 inch. Turns spaced 
diam. of wire. 

Link — 5 turns No. 12, 74-inch diam., }4 inch long, 


transformer 


UHZ ee ae | © akscsloas 


but C4 and Cs; are mounted on small metal pil- 
lars from the upper side of the chassis. This 
mounting brings the shafts of C, and C; in line 
with the other three. 

Fig. 1502 shows the placement of parts on 
the rear wall of the chassis. Wiring to the meter 
switch is simplified if the switch is located 614 
inches in from the right-hand end, looking at 
the rear, where there is a comparatively open 
spot in the r.f. layout. This point is also con- 
venient to the supply ends of the plate chokes 
in the first three stages, so that these chokes 
can be mounted directly to the switch. To save 
trouble the shunt resistors should be soldered 
to the switch contacts before the switch is 
mounted. 

The filament transformer and crystal lamp 
are at the left end of the chassis in the bottom 
view. The transformer should be kept as far as 
possible to the left so that it will not be near 
the r.f. circuits. The lamp is held firmly in the 
grommet by stiff leads soldered to its base. The 
plate supply terminals are out of the way at the 
extreme left end of the base. Two positive ter- 
minals are provided so that a modulator trans- 
former secondary may be connected in the 
plate lead of the final amplifier. 

The rest of the parts are mounted so that r.f. 
leads will be short and direct; short leads are 
particularly important in the last two or three 
stages. The grid connections in the amplifier 
should be made directly between the grid 
prongs of the socket and the stator plate ter- 
minals of the grid tank condenser, which should 
be directly above the grid prongs if the unit is 
laid out as recommended. The plate prongs and 
the stator sections of Cs should be cross-con- 
nected so that the neutralizing condensers, Cs 
and Cz, may be supported by the condenser 
lugs as shown in Fig. 1504. This gives leads of 
negligible length and perfect symmetry, both 
of which contribute to good neutralizing. The 
padder-type condensers used for neutralizing 


may seem a bit unusual, but since the neu- 
tralizing capacity required is small the actual 
dielectric is mostly air, thus the effect of the 
mica is inconsequential. The small physical 
size of the condensers makes them ideally 
suited for the purpose. The output coupling 
coil has its ends soldered to lugs which are held 
in place by the feed-through terminals. The 
lugs will bend as the position of the coil is 
varied to change the coupling. 

A power supply delivering 350 volts at 150 
ma. is needed. Circuit performance is similar 
to that to be expected at the lower frequencies; 
each tank circuit will be in resonance when ad- 
justed for minimum plate current to the tube 
with which it is associated. These currents 
should be 10, 18, 18 and 40 ma., in the order 
listed, for the first four stages. It is quite pos- 
sible that the values will vary slightly in dif- 
ferent layouts, but they should be approxi- 
mately as given. Tuning of the various tanks 
should be adjusted to obtain maximum output 
from the 56-Mce. doubler, as indicated by max- 
imum grid current in the final amplifier grid 
leak Rg. If no grid current is obtained it is 
probably an indication that the coupling be- 
tween L, and J; is either too tight or too loose; 
this coupling is quite critical and therefore de- 
serves careful adjustment. The amplifier grid 
current should be 25 ma. or more when the 
coupling is optimum. Each time the coupling is 
changed, condenser C's, as well as the preced- 
ing tuning condensers, should be readjusted. 

After a grid current indication is obtained 
the amplifier should be neutralized. Plate volt- 
age should be removed from the amplifier but 
the rest of the circuits should be in normal op- 
erating condition. Start with the plates of the 
neutralizing condensers screwed up tight and 
then back off a full three turns on each con- 
denser. This places the neutralizing capacities 
at approximately the correct values. Con- 
denser Cs; is then rotated through resonance, 





Fig. 1504 = This bottom view shows how the tuning condensers are mounted with respect to the tube sockets. The 
self-supporting coils mount directly on the tuning condensers. The filament transformer is in the lower left-hand 


corner. 
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which will be indicated by a kick in the grid 
current. Adjust the neutralizing condensers in 
small steps, turning both screws in the same di- 
rection and the same amount each time, until 
the grid current remains stationary when Cs 
is rotated. This indicates complete neutraliza- 
tion. Retune the grid circuit after neutraliza- 
tion so that maximum excitation will be se- 
cured. It is also a good idea to recheck the 
coupling between L4 and Ls as described 
above, since neutralizing will change the load 
on the driver somewhat. 


Fig. 1505— The power supply 
chassis also houses the single milliam- 
meter which serves for all plate cur- 
rent measurements in the trans- 
mitter, 


Plate voltage may now be applied to the am- 
plifier. With the plate tank tuned to reso- 
nance the plate current should fall to 20 or 25 
ma. A load such as an antenna or feeder sys- 
tem, or a 10-watt lamp used as a dummy 
antenna, may be connected and the coupling 
adjusted until the plate current reaches the full- 
load value of 60 ma. The grid current will fall 
off to 10 ma. or so when the amplifier is loaded. 

The transmitter output may be fed into any 
type of antenna providing an appropriate 
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Fig. 1506 — Wiring diagram of the transmitter power supply. 


Ti — Power transformer, 750 
volts at 180 ma., c.t.; 5 
v. at 3 amp. (Thordar- 
son T'-13R09). 

Ii — Filter choke, 5 henrys, 200 
ma., 80 ohms (Thord- 
arson T-67C49). 


Ci, C2 — 8-yfd., 450-volt electro- 
lytic. 

Ri — 25,000 ohms, 25-watt. 

Swi — S.p.s.t. toggle switch (see 
text). 

Swe — D.p.d.t. toggle switch. 

M — 0-150 milliammeter. 
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matching or tuning system is used. Systems 
employing a two-wire non-resonant line may 
be coupled directly to the output coil without 
tuning. 

At the recommended input, 21 watts (60 ma. 
at 350 volts), the output as measured in a 
dummy antenna is something over 10 watts. 
For modulating the transmitter 100 per cent, 
an audio power output from the modulator of 
about 11 watts is required. The modulator out- 
put transformer must match an impedance of 
5833 ohms (modulated amplifier plate voltage 





divided by modulated amplifier plate current | 
expressed in amperes). A 6000-ohm output 
winding will be close enough to provide a satis- 
factory match. A modulator using a Class-B 
6A6 makes an excellent companion to the 
transmitter because it maintains the uni- 
formity of tube types, and such a unit is de- 
scribed in Chapter Thirteen. 

A power supply capable of supplying this 
transmitter is shown in Figs. 1505 and 1506. It 
is built on a 3- by 4- by 17-inch chassis and has 
provision for mounting a meter that 
can be switched to either the trans- 
mitter or the modulator for checking 
plate currents. The switch Sw] is used 
to turn both the transmitter and the 
modulator on, since it is in parallel 
with the switch on the modulator 
power supply. (Bib. 1.) 


@A 12-WATT 56-MC. TRANS- 
MITTER FOR MOBILE WORK 
The transmitter shown in Figs. 1507, 

1508, 1509 and 1510 is designed to 

work from a power supply delivering 

125 ma. at 325 volts and, since there 

are vibrator packs available which 

deliver this output, it is quite suitable 
for installation in a car for mobile 
work. Since maximum economy is de- 
sired in the exciter and audio stages, 
high-gain doubler tubes and Class-B 
audio for modulation are used. 

From the diagram in Fig. 1508 it can 
be seen that a 6AG7 Tri-tet oscillator 
using a 7-Mc. crystal quadruples to 
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Fig. 1507 — A complete 12-watt 56-Mc. ’phone trans- 
mitter, ready for installation in car or home. The tubes 
along the front, from left to right, are 6AG7 Tri-tet os- 
cillator, 6AG7 doubler and 6V6 final amplifier. The 6C5 
driver (left) and the 6N7 Class-B modulator are at the 
rear between the transformers. The knob on the right 
controls the final tank condenser — the other tuning 

_ condensers are adjusted by screw driver through the 
rubber grommets. The meter switch is mounted on the 
front center, just under the meter pin jacks. 

Note that the antenna coil is mounted on the antenna 
binding post strip — coupling is adjusted by swinging 
the coil. 


drive a 6AG7 doubler to 56 Mc., and this 
latter tube drives a 6V6 amplifier on 56 Mc. 
A 6L6 can be substituted for the 6V6 but it 
gives no improvement in performance at the 
input (12 watts) the amplifier runs. Provision 
for neutralizing the 6V6 was included in the 
design of this unit but it was found unneces- 
sary with this particular parts arrangement. 
It is not to be assumed, however, that the 
6V6 will work well without neutralization in 
every arrangement — the necessary neutraliz- 
ing capacity is small and is doubtless present 
in this layout as a stray capacity. The grid of 
the 6V6 is tapped down on the driver plate 
coil to lighten the loading and give a better 
match. 

The modulation equipment consists of a 
6C5 driver stage and a 6N7 Class-B modulator. 
Any arrangement except one using a single- 
button microphone would require more audio 
gain and hence more possibility of ‘‘hash”’ 
pick-up. 

The transmitter is built on a 7- by 12- by 3- 
inch chassis, thus providing plenty of room for 
the parts. Reference to Figs. 1507 and 1509 
will show the placement of parts, but some of 
the minor constructional points should be 
pointed out. The tuning condensers C;, C2 and 
C3 are mounted on the underside of the chassis 
on the small brackets that are furnished with 
them, and they are set far enough back from 
the front so that the ends of the shafts do not 


quite touch the metal. They are ad- 
justed by a screw driver that is pre- 
vented from shorting to the chassis by 
rubber grommets in the holes. The final 
tank condenser, (C4, is supported on 
the panel. 

All of the inductances are mounted 
on or near their respective tuning con- 
densers except the final tank coil, La, 
which is mounted above the chassis on 
feed-through insulators. This makes it 
more convenient to adjust the antenna 
coupling coil, Ls, after installing the 
transmitter in the car. 

The plate circuits and the final grid 
circuit can be metered by plugging in 
the meter leads to the two pin jacks on 
the front center of the chassis and 
setting the meter switch to the proper 
position. This is a convenience when tuning 
up with a different crystal or antenna. The 
power leads are terminated at a four-prong 
plug mounted on the back of the chassis. 

One problem in connection with mobile units 
is the drop in the line from the battery to the 
vibrator or motor-generator unit, and these 
leads must be kept as short as possible. This 
transmitter is intended to be mounted in the 
trunk rack of the car, with the control box 
mounted on the dashboard of the car and the 
vibrator pack mounted under the hood on the 
fire wall. This is, of course, for a car with 
the battery under the hood — for cars with the 
battery elsewhere the vibrator pack and con- 
trol box might have to be mounted differently. 
There isn’t too much drop in the leads running 
back to the heaters of the tubes front the bat- 
tery if heavy wire is used, and the drop in the 
325-volt line from the vibrator pack is negli- 
gible. 

The wiring diagram of the control box is 
shown in Fig. 1510. As can be seen, the micro- 
phone battery is mounted in this box, and a 
jack is provided for the microphone. The 
switch Sw, turns on the vibrator pack and the 
heaters of the tubes, while switch Swe is used 
as an ‘‘on-off’’ switch for the transmitter, since 
it controls the microphone battery and the 
plate supply lead. The control box is a small 4- 
by 4 by 2-inch box (Parmet MC-442) and 
takes up very little room. 

An alternative system is to mount the vi- 
brator pack and an additional storage battery 
in the trunk rack and to control both the ‘‘on- 
off”? of the heaters and vibrator pack and of 
the plate power through suitable relays con- 
trolled from the dash. However, the storage 
battery must be removed from the car for 
charging, and thus the installation may not be 
always ‘‘ready to go.” 

The adjustment of the transmitter is conven- 
tional in every way and it should not be neces- 
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Fig. 1508 — Wiring diagram of the 56-Me. ’phone transmitter. 


C; — 50-uzfd. variable (National 
UM 


Ce, C3—25-uufd. variable (Na- 
tional UMA-25). 

C4 — 30-uzpfd. per section variable 
(Hammarlund HFD-30-X). 

Cs, Cs — 0.01-nfd., 400-volt paper. 

Ce, Co, Cir — 0.002-ufd. mica. 

C7, Cio — 250-pufd. mica. 

Ciz, C14 — 8-nfd., 450-volt elec- 
trolytic. 

Ts — Modulation transformer (Stancor A-3845). 

Li — 19 turns No. 18 enam., spaced slightly to occupy 
34-inch winding length, on 34-inch diam. form 
(National PRF-2). 

Lz — 8 turns No. 14, spaced to occupy 17% inch, %-inch 
diam., self-supporting. 

Ls — 3% turns No. 14, spaced to occupy % inch, 


CN — See text. 


sary to repeat here how to tune a crystal- 
controlled transmitter. With 325 volts from the 
power supply, the total plate and screen cur- 
rents of the 6AG7 Tri-tet and the 6AG7 
doubler will be 12 and 16 ma. respectively, and 
the final grid current should run about 2 ma. 
If, when the voltage is removed from the screen 
and plate of the 6V6 final, there is no flicker in 
the grid current as the final tank is tuned 
through resonance, there is no need to worry 
about neutralizing the final amplifier. How- 
ever, if a flicker (of 0.1 ma. or so) does show up, 
the amplifier can be neutralized readily by 
running a stiff wire from the free end of the 
final tank over near the grid terminal on the 
6V6 socket to form a neutralizing condenser 
(shown by dotted lines in Fig. 1508). The stage 
is then neutralized in the usual manner, varying 
the neutralizing capacity by moving the free 
end of the wire. Connecting the voltage to the 
screen and plate of the 6V6 and tuning to 
resonance, the total plate and screen current 
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Ci3 — 25-pfd., 25-volt electrolytic. 


Ri, Rs — 0.2 megohms, 1 watt. 
Re, Ra — 40,000 ohms, 1 watt. 
Rs — 3,000 ohms, 1 watt. 
Re — 5,000 ohms, 2 watt. 


Rog — 6000 ohms, 1 watt. 
Rio—Ris — 25 ohms, 4% watt. 


RFC — 2.5-mh. r.f. choke (National 
R-100U). 
RFC Wee r.f. choke (Ohmite 


Swi — 2-circuit, 5-position rotary 
switch, non-shorting (Mal- 


Rz — 0.1-megohm volume control. icp ue es A transformer 
Rs — 1000 ohms, 14 watt. (Stancor A-4726). 


T2— Driver transformer (Stancor 


%%-inch diam., self-supporting. 6V6 grid tap 1 
turn from plate end. 

Ls — 3 turns No. 14, each side center, spaced to occupy 
34 inch, 7-inch diam. 

Ls — 2 turns, No. 14, 7-inch diam. 

P; — 4-prong base-mounting plug (Amphenol RCP-4). 

Lamp in series with crystal is 60-ma. dial light. 


should run under 35 ma. unloaded and about 
39 or 40 ma. loaded. 

The 6C5 plate current will run around 8 ma., 
the no-signal 6N7 plate current around 35 ma., 
kicking up to about 50 ma. on peaks. 

The antenna can be anything from 0.25- to 
0.6-wavelength long, depending upon what one 
has available. Since the transmitter can be 
mounted close to the end of the antenna, there 
is no particular problem in feeding the antenna 
aside from finding a suitable insulator to run 
through the side of the car. If something near a 
quarter-wavelength long is used for the an- 
tenna, one side of the antenna coil, L;, should 
be grounded to the car and a variable condenser 
connected in series with the antenna and the 
other side of Zs. When the antenna is near a 
half-wavelength long, parallel tuning of Ls 
should be used. The center of Ls can be 
grounded or the whole thing can be left float- 
ing. Regardless of the length of antenna, the 
antenna coupling is varied by movement of Ls 
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with respect to L, after tuning both amplifier 
and tank circuit to resonance. (Bib. 2.) 


eA THREE-BAND 315 TRANSMITTER 


The 815 double beam-power tube is useful 
in u.h.f. applications, and Figs. 1511, 1512, 
1513 and 1514 show a transmitter using 
an 815 in the output stage on 28, 56 and 
112 Me. 

The 815 can be used on the lower frequencies 


pu 


+6.3V. +300 —- 
VIBRATOR PACK 





without neutralization, but in the u.h.f. range 
above 28 Mc. the high gain of the tube plus its 
grid-plate capacity of 0.2 uyfd. requires neu- 
tralization except where the grid circuit is 
heavily loaded (has low Q). However, neu- 
tralization is a simple matter and yields an 
amplifier that can be modulated 100% without 
any indication of regeneration, with no fixed 
bias necessary to hold down the tube. 

As can be seen in Fig. 1512, a 7N7 double 
triode is used as the oscillator and first doubler; 
and this is followed by a 7C5 (loktal 6V6) sec- 
ond doubler which drives the 815 as a neutral- 
ized amplifier on the three bands. With the ar- 
rangement as shown, a 7-Mc. crystal is used for 
28-Mce. operation, a 14-Mc. crystal for 56-Mc. 
operation, and a 28-Mc. crystal for 112-Mce. 





Fig. 1509 — A view under the 
chassis of the 56-Mc. transmitter 
shows the straightforward ar- 
rangement of parts. The coils Lz 
and Ls are self-supporting and are 
mounted on their respective con- 
densers. Note the audio volume 
control and the power supply plug 
mounted at the rear of the chas- 
sis. The microphone lead from the 
plug to the microphone trans- 
former is run through grounded 


shield braid. 


operation. Anyone interested in using only 
7-Me. crystals can include the necessary extra 
doubler stages without any trouble. It is pos- 
sible to quadruple in the stage following the 
crystal oscillator, and thus use a 7-Mc. crystal 
for 56-Mc. operation, but everything has to be 
cranked up to the last notch and it is hardly 
worth while. As it is, the 7N7 and 7C5 run 
smoothly with 275 volts on the plate (dropped 
to 200 on the oscillator) and no crowding is 


Fig. 1510 — Circuit diagram of 
control box. 
J — Small microphone jack (Mallory 
702B). 


Swi — D.p.s.t. high-current toggle 
with sections in parallel. 

Swe — D.p.s.t. toggle. 

P2 — 4-prong cable socket (Amphenol ° 


PF-4). 
Ps — 6-prong cable plug (Amphenol 
R 


Microphone 


lead Shield **— 6-prong socket (Amphenol PF- 


Battery is Burgess 3A2. Microphone 
lead is shielded throughout. 


necessary. More than enough excitation is ob- 
tained on 28 and 56 Mc., but this is easily con- 
trolled by adjusting the coupling between coils, 
as will be explained later. 

The final tank circuit uses the usual coil-and- 
condenser combination for 10- and 5-meter 
operation and a parallel-line tank for 112 Mc. 
The tuning condenser used on the lower fre- 
quencies is mounted on a metal bracket which 
plugs into the chassis, thus making it possible 
to remove this assembly and plug in the parallel 
lines used on the highest frequency. The 
parallel lines are tuned by adjusting a sliding 
jumper, and the antenna line taps on to the 
tank lines through small fixed condensers. 
While a coil and condenser can be used with 
fair efficiency at 112 Mc., the parallel-line tank 
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results in lower losses and conse- 
quently higher output. 

The 815 is readily neutralized 
by using small tabs of copper sup- 
ported on stiff wires close to the 
plates of the tube. The plate acts 
as the other half of the neutraliz- 
ing condenser, and the combina- 
tion gives about the shortest leads 
possible. This construction adds 
no expense to the unit, unless one 
considers the two small ceramic 
bushings (Millen 32150) through 
which the wires are run. Neutral- 
izing consists simply of moving 
the copper tabs with respect to 
the tube plates until the stage is 
neutralized, as indicated by no re- 
action on the grid current when 
the plate circuit is tuned through 
resonance (with plate and screen 
voltage off). 

Jacks are provided for metering 
grid and plate current in the driver 
and final stages. 

The transmitter is built on a 
6- by 14- by 3-inch chassis, and 
reference to Figs. 1511, 1513 and 
1514 will show how the various components 
are arranged. The tuning condensers on the 
chassis are mounted on the small brackets 
that are available for the Cardwell Trim-Air 
condensers. Low-loss bakelite loktal sockets 
are used for the exciter portion, and a ceramic 
octal socket is used for the 815. The oscillator 
coil, Z1, plugs into a four-prong ceramic socket, 
and Millen 41205 sockets, mounted above the 
chassis, are provided for coils Lo-L3 and La-Ls. 
A third 41205 socket, mounted below the 
chassis, is used to plug in the final tank 
assembly. 

The condenser used to tune the final tank is 
mounted on a bracket of aluminum that will 
support the condenser just over the top of the 
815. Two copper straps, wrapped around the 
center of the rotor and fastened to the end-plate 
spacer bars, provide a central rotor contact that 
keeps the final tank circuit perfectly symmetri- 
cal, Another 41205 socket, supported on this 
condenser by brass brackets and spacers, pro- 
vides a socket for the final amplifier coils. A 
Millen 40205 plug fastened to the bottom of 
the aluminum bracket holds the assembly in 
place and provides a connection for the d.c. 
plate voltage and a ground connection for the 
aluminum bracket. The 112-Mce. parallel-line 
tank similarly is mounted on a 40205 plug. 

The heater current and low-voltage plate 
current are introduced at the rear of the set 
through a four-prong plug, while the high volt- 
age plus modulation is introduced through a 
separate safety terminal. The two grid-current 
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Fig. 1511 — The 815 transmitter with the 56-Me. coils in place. The 
815 amplifier is at the left, the 7C5 driver in the center, and the 7N7 os- 
cillator-doubler at the right. The panel controls, from left to right, are 
final grid, second doubler grid, first doubler plate and oscillator plate. 

The spare set of coils is used on 28 Mc. 


jacks are mounted directly on the rear of the 
chassis, and the two plate-current jacks are 
mounted on a strip of bakelite supported away 
from the chassis by brass pillars, for safety and 
better insulation than could be provided by 
fibre washers. 

The adjustment of the coils is similar to that 
of any other transmitter, with a few minor 
modifications. The oscillator plate coil, Zy, is 
wound as specified, and the crystals should 
oscillate with the condenser C ; about half 
meshed. Coils Lz and Lz are next wound and 
plugged in, with a 0-10 milliammeter plugged 
in the grid circuit of the 7C5. With the crystal 
oscillating (as indicated by a neon bulb 
touched to the ‘“‘hot”’ end of LZ; or by monitor- 
ing the signal in the receiver), Ce and C3 
should be tuned for grid current to the 7C5. It 
will be found that there is some interlocking of 
the tuning of these two condensers when the 
coupling is too tight between Ze and Ls, and 
the two coils should be moved in relation to 
each other until practically ‘‘one-spot’”’ tuning 
is obtained. The grid current to the 7C5 should 
run from 1.5 to 2 ma., with 275 volts applied 
to the 7N7. Next, £4 should be wound, leaving 
off Ls for the time being, since L4 is to be made 
self-resonant. If it is self-resonant, as indicated 
by a neon bulb touched to the plate end, Ls 
can be wound on, but if it isn’t, the turns 
should be pushed together or pulled apart until 
signs of r.f. can be seen. When JZ; is added, the 
coupling should be made rather loose at first, 
since it will be found that there is more than 
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enough drive available, as indicated by the 
grid current to the 815. The coils can be coupled 
until about 6 or 7 ma. of grid current flow in 
the 815. It will not normally be possible to ob- 
tain more than 4 to 5 ma. of grid current on 112 
Mce., even with the coils tightly coupled, but 
this is still sufficient to drive the 815. The plate 
current of the 7C5 will run from 35 to 40 ma. 
When grid current has been obtained in the 
815 stage (with no plate or screen voltage ap- 
plied), the tank circuit can be tuned through 
resonance, as indicated by a sharp flicker of the 
grid current. The plates of the neutralizing con- 
densers can then be moved in relation to the 
tube until no flicker can be seen, indicating 
that the tube is neutralized. Neutralization 
should always be checked when shifting from 
one band to another, since an accidental jar of 
the tube or some unbalance in the stage may 
affect the adjustment. If the stage is correctly 
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neutralized, it will be possible to apply sev- 
eral hundred volts (more might injure the 
tube) to the screen and plate and, with no bias, 
excitation off and the plate tank unloaded, 
have no signs of r.f. anywhere in the circuit 
with any setting of the tank condenser. Unless 
the stage is neutralized, it will be impossible to 
modulate the amplifier fully without distor- 
tion, as is the case in any modulated amplifier. 

When the amplifier has been neutralized, 
plate voltage can be applied with the excita- 
tion on, and the amplifier can be loaded up to 
its rating of 150 ma. at 400 volts. About thirty 
watts of audio power will be required to modu- 
late the stage. 

The linear tank is tuned by sliding the short- 
ing bar (two National metal-tube grid caps 
soldered together) up and down the bar until 
resonance is indicated. The bar has plate volt- 
age on it, and all tuning should be carefully 
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Fig. 1512 — Circuit diagram of the 815 u.h.f. transmitter. 


Ci, C2— 75-upfd. midget variable 
(Cardwell ZU-75-AS). 

Ca — 25-nyfd. midget variable (Card- 
well ZR-25-AS). 

C4 — 15-pufd. per section dual mid- 
get variable (Cardwell ER- 
15-AD). 

Cs — 15-yufd. per section dual mid- 
get variable, 0.07 spacing, 
modified. (Cardwell ET-15- 
AD.) See text. 

Ce, C7, Co, Cio, Ci1 — 0.005-xfd. 
midget mica. 


Cg — 100-upfd. midget mica. 

Cie — 250-pufd. midget mica. 

Cis, Cis, Cis — 0.001-ufd. mica. 

Cia — 0.001]-ufd. mica, 2500-volt 
rating. 


N — Small copper tabs, 14- by 
34-inch. See text. 

Ri — 300 ohms. 

Re— 5000 ohms, 10-watt wire- 
wound. 


Rs — 50,000 ohms. 
Ra — 75,000 ohms. 
Rs — 12,000 ohms. 


Re — 15,000 ohms. 

Rz— 15,000 ohms, 10-watt wire- 
wound. 

All resistors 1 watt unless otherwise 
mentioned. 

RFC; — 2.5-mh. r.f. choke (Na- 
tional R-100). 

RFC2, RFCs, RFC4— U.h-f. rf. 
choke (Ohmite Z-1). 

J — Closed-circuit jack. 


Li — 7-Me. crystal: 18 turns No. 22 d.c.c. closewound. 
14-Me. crystal: 7 turns No. 22 d.c.c. closewound. 
28-Me. crystal: 4 turns No. 18 enam., spaced to 

occupy 54 inch. 
All Li wound on J-inch diam. plug-in form (Na- 
tional XR-1). 

Le — 14 Me.: 8 turns No. 22 d.c.c. closewound on 114- 

inch diam. form. 

28 Me.: 5 turns No. 14 enam., spaced to occupy 
¥% inch, self-supporting, l-inch diam. 

56 Mce.: 4 turns No. 14 enam., spaced to occupy 
1% inch, self-supporting, 34-inch diam. 

L3 — 14 Mce.: 9 turns No. 22 d.c.c. closewound 5 inch 

from Le. (Wound on Millen 43001 form.) 

28 Mc.: 7 turns No. 14 enam. spaced to occupy 1 
inch, self-supporting, l-inch diam. 

56 Mc.: Same as Le. 

Ls — 28 Me.: 9 turns No. 14 enam., spaced to occupy 1 

inch, self-supporting, l-inch diam. 


56 Me.: 5 turns No. 14 enam., spaced to occupy 
¥% inch, self-supporting, l-inch diam. 

112 Me.: 3 turns No. 12, spaced diam. of wire, 
self-supporting, 5g-inch diam. 

Ls — 28 Mce.: 5 turns No. 14 enam. each side of La, self- 
supporting, same diam. and spaced to 
occupy % inch. 

56 Mce.: 3 turns No. 14 enam. each side of La, self- 
supporting, same diam. and spaced to 
occupy %% inch. 

112 Me.: 1 turn No. 14 each side of La, same diam. 

Le — 28 Me.: 10 turns No. 12, spaced wire diam., self- 
supporting, split in center for 34 inch for 
coupling link 134-inch diam. 

56 Mc.: 4 turns No. 12 spaced twice wire diam., 
self-supporting, split in center for 4 inch 
for coupling link, 134-inch diam. 

112 Mce.: 17 inches 44-inch copper tubing spaced 
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Fig. 1513 — Another view of the transmitter with the 
112-Mc. coils and final tank in place. Note the small tabs 
alongside the 815 that are used for neutralizing and the 
meter jacks and power-supply terminals at the rear of 
the chassis. 


done with an insulated screwdriver. The an- 
tenna coupling is obtained from two similar 
grid caps that are slid up and down the lines 
until proper loading is obtained. 

If f.m. is to be used on the 5- or 2)4-meter 
band, the frequency-modulated oscillator can 
be coupled in through several turns around J, 


Fig. 1514 — A view un- 
derneath the chassis shows 
the placement of parts. 
By-pass condenser leads 
are made as short as pos- 
sible, and most of the r.f. 
leads are made with heavy 
wire. 
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with the crystal removed from its socket. An 
f.m. oscillator is described in Figs. 1519, 1520 
and 1521. 

As mentioned before, more than enough ex- 
citation is available on the 10- and 5-meter 
bands, but there is no advantage in running 
the grid current above 4 or 5 ma., since the out- 
put will not increase and the linearity of the 
amplifier is good with only 3 to 4 ma. grid cur- 
rent. The output of the transmitter could not 
be measured accurately at anything higher 
than 28 Me. (where it was close to 40 watts) 
but, with the lamp loads used, it appears to be 
about 35 watts on 56 Me. and 30 on 112 Mce., 
at the rated input of 60 watts. 

A 275-volt and a 400-volt power supply are 
required for this transmitter. Figs. 1237 and 
1215 show power supplies that will fill the bill, 
although the voltage from the supply of Fig. 
1215 as shown will be too high, and a lower- 
voltage transformer should be substituted. A 
pair of 6L6s in Class AB, will furnish enough 
audio power to modulate fully the 815, and 
such a modulator is described in Fig. 13811. 
(Bib. 3.) 


@A 300-WATT 56-MC. AMPLIFIER 


The 56-Mc. amplifier shown in Figs. 1515, 
1516, 1517 and 1518 uses a pair of 35Ts or 
35TGs running at 200 ma. with 1500 volts on 
the plates. With approximately 25 to 30 watts 
of driving power, the efficiency and perform- 
ance will be excellent. The 815 transmitter 
shown in Fig. 1511 is well suited for the job, 
although any exciter of comparable output will 
serve to excite the amplifier. 

The amplifier is built on a 514- by 914- by 
14-inch chassis and is designed to be mounted 
on a panel of metal or Presdwood. Two panel 
brackets are used, one at each end of the 
chassis, and the plate tuning condenser, C¢, is 
mounted on one of the brackets and insulated 
from it by small steatite bushings. The grid 
tuning condenser, Ci, is mounted on the 
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Fig. 1515 — The 300-watt 56-Mc. amplifier is built 
on a chassis which is supported by a Presdwood panel. 
The grid and plate tuning condensers are adjusted by an 
insulated screwdriver through holes in the panel. 


chassis and the rotor is left unconnected. The 
grid and plate tuning condensers are adjusted 
by an insulated screwdriver through holes in 
the panel, although dials on insulated extension 
shafts could be used. 

The plate tank coil is mounted on a Millen 
40205 plug, and the corresponding socket is 
supported on the tank condenser by two small 
brass angles. The grid coil is mounted on a 
National PB-16 plug, and its socket is raised 
above the chassis by small steatite stand-off 
insulators. 

The neutralizing condensers are made from 
small tabs of aluminum with approximately 
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Fig. 1516 — Wiring diagram of the 300-watt 56-Mc. 
amplifier. 


Ci — 25-uyfds. per section dual (Cardwell ER-25-AD). 

Ce — 35-uufds. per section dual, rotor contacted at cen- 
ter (Millen 13035). 

C3, C4 — Homemade neutralizing condensers. See text. 

Cs, Cs — 0.001-pnfd. mica. 

C7 — 0.001-ufd. mica, 5000 volts. 

Ri — 2500 ohms, 10 watts. 


Li — 6 turns No. 12, 34-inch diam., spaced to occupy - 


% inch. Link is 2 turns No. 14, 14-inch diam. 

Lz — 4 turns No. 12, 14-inch inside diam., spaced diam. 
of wire with 34-inch gap in middle to accommo- 
date 3-turn swinging link of No. 14. 

Mi — 0-100 or 0-150 milliammeter. 

Me — 0-300 milliammeter. 

Ti —5-volt 8-ampere transformer (Thordarson T- 
19F 84). 





one square inch of active area supported about 
3/,g-inch apart on individual steatite pillars or 
bushings. If 35Ts are used, as shown in the 
photographs, the lower neutralizing condenser 
plates are mounted on through bushings that 
run through the chassis to the grid terminals on 
the sockets. If 35TGs are used, it is not neces- 
sary to carry the grid leads through the chassis. 
In either event, the grid leads are crossed from 
the neutralizing condensers, to provide the 
proper phasing for neutralization. 

The chassis is fastened to the front panel by 
the brackets mentioned above. The two meters 
are mounted on the panel outside of the brack- 
ets, and a square hole in the center of the 
panel allows the tubes to be observed during 
operation. A National 3- by 4-inch coil chart 
frame is used to outline the rectangular hole. 

Leads for the excitation are brought to two 
binding posts mounted on the panel bracket at 
the grid end of the chassis, and the output leads 
are run to an antenna tuning unit from the 
terminals on the plate coil socket. If desired, 
the antenna tuning unit can be mounted di- 
rectly above the amplifier, or it can be mounted 
on the wall at the point where the antenna 
leads come through the house. 

If sufficient excitation is available, the grid 
current will run 55 ma. or more when the plate 
circuit is loaded to 200 ma. at 1500 volts. The 
amplifier can be loaded to 225 ma. or higher if 
the excitation doesn’t drop below this value 
with the increased plate loading. The plates of 
the tubes will run a dull red under normal oper- 

ation, and if the two tubes do not 


2 show the same color it indicates an 


unbalance in the circuit that must 
be corrected. However, the ampli- 
fier is laid out in such a fashion that 
no troublefrom this source should occur. At 300 
watts input, approximately 150 watts of audio 
power is required to modulate fully the output 
of the amplifier, and a pair of HY40Zs is rec- 
ommended for the modulator. A suitable power 
supply, delivering the necessary 200 ma. at 
1500 volts, can be built along the lines of the 
supply described in Fig. 1246, substituting 
lower-current chokes and transformer. 


e@ AN F.M. MODULATOR-OSCILLATOR 

UNIT 

If one already has a crystal- or e.c.o.-con- 
trolled transmitter for the 28-, 56- or 112-Mc. 
band it is a relatively easy matter to discon- 
nect the modulator and substitute for the 
crystal or e.c.o. the f.m. oscillator-modulator 
shown in Figs. 1519, 1520 and 1521. The r.f. 
output of the unit is intended to be fed through 
a link to a tuned circuit which substitutes for 
the crystal in the crystal oscillator. This tuned 
circuit is resonant at the same frequency as 
the output tank of the control unit, LCs in 
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Fig. 1520, and is in fact identical with it in 
construction. In transmitters using triode or 
pentode crystal oscillators in which the tubes 
are not well screened, it is advisable to use the 
crystal oscillator tube as a doubler rather than 
as a straight amplifier. If the transmitter uses a 
7-Me. crystal oscillator, for instance, the out- 
put of the unit can be on 3.5 Me. and the grid 
circuit of the ex-crystal tube tuned also to 3.5 
Me. This will avoid difficulty with self-oscilla- 
tion in the ex-crystal tube. With a pentode os- 
cillator it is possible to work straight through 
provided the grid tank substituted for the 
crystal is tuned well on the high-frequency side 
of resonance, but this procedure is not advisa- 
ble since it may make the modulation non- 
linear. It is rather important that all circuits 
in the transmitter be tuned ‘‘on the nose” for 
best performance. Of course, if the crystal tube 
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Fig. 1517— A view behind the 
panel of the 300-watt amplifier shows 
the plate tuning condenser mounted 
on the panel bracket and gives a good 
idea of the construction of the neu- 
tralizing condensers. The plate coil 
socket is supported on the plate tun- 
ing condenser by two brass angles. 





Fig. 1518 — The filament transformer is mounted 
underneath the chassis. Note how the leads from the 
neutralizing condensers to the grids of the tubes are 
crossed. 


Fig. 1519 — This modulator-oscillator unit 
can work into practically any crystal-con- 
trolled 56-Mc. transmitter for frequency- 
modulated output. It contains a speech 
amplifier and power supply, so that no addi- 
tional equipment is needed. 

The oscillator coil is in the round shield 
can in the center. The coil in the left fore- 
ground is the buffer output circuit. Speech 
amplifier and modulator are at the right, 
with the power supply along the rear edge. 
A 7 by 11 chassis is used. 
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is a well-screened transmitting type it can be 
used as a straight amplifier. 

With harmonic-type oscillators the input 
frequency can be the same as that of the crys- 
tal, since the output frequency of the crystal 
tube is already a harmonic. In the Tri-tet the 
cathode tank should be short-circuited; in the 
types using a cathode impedance to provide 
feedback this impedance also should be shorted. 
Care should be taken to avoid short-circuiting 
the grid bias, whether from a cathode resistor 
or grid leak. In the latter case this usually will 
mean that a blocking condenser (500 uyfd. or 


larger) should be connected between the “hot” 
end of the grid tank and the grid of the ex- 
crystal tube, with the grid leak (and choke) 
connected on the grid side of the condenser. 
Such a blocking condenser can be incorporated 
in the plug-in tank. The grid tank tuning con- 
denser can be a small air padder mounted in 
the coil form. 

Those who already have a suitable power 
supply and speech amplifier can omit the lower 
part of Fig. 1520 and build simply the oscil- 
lator, buffer and modulator. Transformer in- 
put to the modulator can be used in case the 
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Fig. 1520 — Circuit diagram of the f.m. control unit for use with normally crystal-controlled transmitters. 


Ci — 150-uufd. silvered mica for 
7 Me., 650 uufd. for 3.5 Mc.; 
1150 uufd. for 1.74 Mc. 

Ce — 100-uyfd. variable (National 


C3 — 50-upyfd. variable (Hammar- 
lund HF-50). 

C4 — 100-uyfd. mica. 

Cs — 250-uufd. mica. 

Coe — 0-001 -ufd. mica. 

C7, Cs, Co, Cio — 0.01-ufd. paper. 
Ci — 3-30-upzfd. compression trim- 
mer (set full open). 

Ciz — 250-uyfd. mica. 

Ci3 — 0.01-ufd. paper. 

C14 — 8-ufd. electrolytic, 450-volt. 

Cis — 0.01-ufd. paper. 

Cis, Ciz7 — 10-nfd. 25-volt electro- 
lytic. 

Cis — 0.1-yfd. paper. 

Cig, C2o — 0.01-ufd. paper. 

Coi1 — Dual 8-yfd. electrolytic, 450- 
volt. : 

C22, Ces — 8-ufd. electrolytic, 450- 
volt. 


Ri — 0.1 megohm, 1 watt. 

Rez — 25,000 ohms, 1 watt. 

Rs, Ra, Rs — 50,000 ohms, 1 watt. 

Re — 300 ohms, 14 watt. 

R7z — 0.5 megohm, 4 watt. 

Rs — 300 ohms, 14 watt. 

Ry — 30,000 ohms, 1 watt. 

Rio — 0.5 megohm, 14 watt. 

Rii — 50,000 ohms, 1 watt. 

Riz — 5 megohms, 14 watt. 

Ris — 900 ohms, 14 watt. 

Ria — 1 megohm, 14 watt. 

Ris — 0.25 megohm, 1% watt. 

Ris — 0.5-megohm volume control. 

Riz — 2000 ohms, 14 watt. 

Ris — 50,000 ohms, 14 watt. 

Rig — 0.25 megohm, 14 watt. 

Reo — 0.15 megohm, 1 watt. 

RFC — 2.5-mh. r.f. choke. 

Li —7 Mce.: 10 turns No. 18 enam- 
elled, length 34 inch, di- 
ameter 1 inch, tapped 3rd 
turn from ground. 


3.5 Mce.: 11 turns No. 24 
enam., length 34 inch, di- 
ameter 1 inch, tapped 4th 
turn from ground. 

1.75 Me.: 21 turns No. 24 
enam., length 1 inch, di- 
ameter 1 inch, tapped 6th 
turn from ground. 

Le — 14 Me.: 10 turns No. 18. 

7 Mce.: 20 turns No. 18. 

3.5 Mc.: 40 turns No. 24. 

1.75 Me.: 75 turns No. 26. 

All coils wound with enamelled 
wire on 14-inch diameter 
forms (Hammarlund SWF- 
4). 1.75-Mc, coil close- 
wound; others spaced to a 
length of 114 inches. 

Link 3 to 5 turns, not critical. 

L3 — 10 henrys, 40 ma. 

Ti — 250 volts at 40 ma.; 6.3 volts 
at 2 amp.; 5 volts at 2 amp. 
(Thordarson T13R11). 

Sw — S.p.s.t. toggle switch. 


Noite: Data for Li subject to individual trimming for proper frequency coverage. Adjust inductance by changing 
turn spacing to bring low frequency end of band near maximum capacity on C2. Coil specifications given apply to 
coil centered in round shield 2 inches in diameter and 21% inches high. The 3.5- and 7-Me. coils will give full cover- 
age of the 56-60-Mc. band with Cz 100 uufd.; the 1.75-Me. coil will cover approximately 57-60 Mc. with the same 
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available speech amplifier hap- 
pens to have a low-impedance 
output circuit. The transformer 
and gain control connect be- 
tween ground and point ‘‘A”’ 
of Fig. 1520, R7 being omitted. 
Any of the conventional meth- 
ods may be used, in fact, to 
couple the modulator to an 
available speech amplifier, with 
one precaution —if a_high- 
impedance connection is used 
the ‘‘hot” lead should be 
shielded to prevent hum pick- 
up. (Bib. 4.) 

If a self-excited oscillator, 
electron-coupled or otherwise, 
is in use in the present trans- 
mitter, a separate oscillator 
need not be built, and the re- 
actance modulator can be con- 
nected directly across the tank 
circuit of the oscillator. If the 
oscillator uses too high a C/L 
ratio, not enough deviation 
may be obtained without dis- 
tortion, and it is advisable to revise the L/C 
ratio in the oscillator to be more comparable to 
those given in Fig. 1520. 


@A COMPLETE 56-MC. F.M. 
TRANSMITTER 


The transmitter shown in Figs. 1522, 1523 
and 1524 will yield a carrier of approximately 
7 watts on 56 Mc., using a power supply of 300 
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Fig. 1522 — The complete 56-Mc. f.m. transmitter has all of the r.f. 
components under the chassis with the exception of the oscillator grid 
coil, which is housed in the shield can in the rear center of the chassis. 
The tubes, from left to right, are 7C5 output amplifier, 7G7 doubler, 
6F6 e.c.o., 6SA7 reactance modulator, and VR-150 voltage regulator. 





Fig. 1521 — In this bottom view of the unit, the r.f. section is at the 
right and the audio at the left. The oscillator socket is the one just to the 
right of the coil socket in the center. 


volts rating. A reactance modulator is incor- 
porated in the unit, and if it is desired to use 
amplitude modulation the gain control on the 
reactance modulator should be set at zero 
and the necessary 6 watts of audio connected 
in series to the plate and screen lead of the 
7C5 output amplifier. Used as an f.m. trans- 
mitter, the entire unit uses 300 volts at about 
90 ma., making it ideal to run from a vibrator 
pack for portable/mobile work. 

A single-button carbon micro- 
phone is transformer-coupled to 
the 6SA7 reactance modulator 
which is connected across the tank 
circuit of the 6F6 e.c.o. A VR-150 
stabilizes the voltage across the 
oscillator and modulator and aids 
materially in keeping the mean 
frequency constant. The grid cir- 
cuit of the e.c.o. tunes from 14 
to 15 Me. with a slight margin at 
either end of the tuning range, 
and the plate circuit of the e.c.o. 
is tuned to 28 Mc. by using a self- 
resonant coil which is adjusted 
for maximum output by squeezing 
the turns together or pulling them 
apart. Once adjusted, it need not 
be touched for any tuning con- 
ditions. The 28-Mc. output of the 
e.c.o. drives a 7G7/1232 doubler to 
56 Mc., which in turn drives the 
output amplifier. With a 300-volt 
supply, the final grid current should 
run about 0.6 ma. under load 
for linear amplitude modulation. 
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Fig. 1523 — Wiring diagram of the 56-Mc. f.m. transmitter. 


Ci — 0.01-ufd., 400-volt paper. (Thordarson T58A37). 


N — Neutralizing condenser, see 
Ce — 8-pfd. 450-volt electrolytic Lli—10% turns No. 20 enam. 


text. 


and 0.005-ufd. mica in 
parallel. 

C3 — 0.001-nfd. mica. 

C4 — 500-uyfd. mica. 

Cs, Co, Cig — 100-uufd. mica. 


Ce—15-pufd. midget variable 
(Hammarlund HF-15). | 
C7 — 25-upfd. silvered mica 


(Sprague). 

Cs,-Cio, Cis — 0.005-pyfd. mica. 

Ci1 — 35-uufd. midget variable 
(Hammarlund HF-35). 

Ci4 — 35-pyfd. per section midget 
split stator (Cardwell ER- 
35-AD). 

Cis — Two 500-upyfd. mica, one at 
each end of rotor. 





Ri — 100,000-ohm volume control. 

Re — 750 ohms. 

R3 — 0.25 megohm (not marked in 
diagram). 

Ra— 50,000 ohms. 

Rs — 5000 ohms. 

Re — 25,000 ohms. 

R7 — 0.1 megohm. 

Rg — 75,000 ohms. 

Rog — 5000 ohms, 1-watt. 

Rio — 3000 ohms, 10 watt wire- 
wound. 

All resistors 14-watt unless other- 

wise mentioned. 

RFC; — 2.5-mh. r.f. choke. 

RFC2 — U.h.f. r.f. choke (Ohmite 
Z-1). 

Ti — Microphone transformer 


Fig. 1524 — A view underneath the chassis of the 56-Mc. f.m. transmitter 
shows the volume control at the left, the oscillator control at the center, the 
doubler tuning control at the right, and the final amplifier tuning control at 
the side. The microphone is connected to a connector on the left side of the 
chassis, and the four-prong plug and flexible wire connect to power supply 
and microphone battery respectively. Note the shield between the final tuning 
condenser and the oscillator tuning condenser, to reduce reaction between the 
two circuits, and the wire running from the doubler tuning condenser to near 
ue a tank condenser which is used as a neutralizing condenser (N in Fig. 
1523). 

The output connects to the two binding posts mounted on a Victron strip. 


spaced to occupy 1 inch on 
l-inch diam. form, cathode 
tap 214 turns up. Plugged 
into socket on chassis. 

L2 — 14 turns No. 20 enam. spaced 
to occupy 1} inches, with 
diam. of 9/16 inch, self-sup- 
porting (see text). 

L3 — 4 turns No. 20 enam., 44-inch 
diam. and 14-inch long. 

La — 6 turns No. 14 enam., 34-inch 
inside diam., wound to oc- 
cupy l-inch length, with 
3%-inch gap in center to 
take the swinging link of 2 
turns No. 14 enam., same 
diam. 


If f.m. is used exclusively, 
the grid current can run 
lower with no harmful effect 
other than a slight decrease 
in output of the amplifier. 
The 7C5 final amplifier is 
plate neutralized by running 
a stiff wire from the plate 
side of the doubler tuning 
condenser over near the 
open side of the final ampli- 
fier split-stator tuning con- 
denser. The capacity from 
this wire to the stator of 
the condenser is sufficient 
to neutralize the final am- 
plifier, and it is adjusted by 
snipping off the wire a small 
bit at a time until the plate- 
tank tuning shows no reac- 
tion on the grid current 
(with plate and screen volt- 
age off). 

No difficulty should be en- 
countered in adjusting the 
transmitter other than spot- 
ting the e.c.o. coils to the 
proper frequencies. The grid 
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coil should be adjusted to the proper range 
with the reactance modulator tube in the cir- 
cuit, and the range can be varied by pushing 
the turns together or spreading them apart, 
while checking the frequency on a calibrated 
receiver. The e.c.o. plate coil.can best be ad- 
justed by reading grid current to the final 
amplifier (by cutting in a 0-1 milliammeter 
between Rg and ground) and adjusting Le un- 
til the grid current is a maximum with the os- 
cillator set at 14.5 Mc. 

The plate current of the final amplifier will 
run around 45 ma. when the stage is properly 
loaded. The loading is varied by changing the 
position of the ‘‘swinging link’”’ fastened to the 
output binding posts. 

When using f.m., the amount of deviation is 
controlled by the setting of the gain control, 
Ry. With the gain control wide open, the devi- 
ation is over 30 ke. on 58.5 Mc., which is more 
than adequate for all purposes. When the re- 
ceiving station does not have a regular f.m. 
receiver, the signal can be received on a@ con- 
ventional receiver by reducing the deviation 
at the transmitting end and tuning the signal 
off to one side of resonance at the receiving end. 

The power lead from the power supply plug 
to the final amplifier was shielded because it 
showed some traces of r.f. All r.f. should be 
kept out of the power supply in a rig like this 
where the oscillator is self-excited, because it is 
likely to roughen the note. When properly ad- 
justed, the signal should be a very good T9. 
If it is still rough with the reactance modulator 
tube out of its socket, the trouble is in the 
e.c.o.; if it is rough with the modulator tube 
in its socket and the volume control set at 
zero, the trouble is in the modulator. 


@A COMPLETE LOW-POWERED Ii2- 
MC. TRANSMITTER 


The transmitter shown in Figs. 1525, 1526 
and 1527 is a complete low-powered unit using 
linear tank circuits instead of coils and con- 
densers. The circuit (Fig. 1526) is of the ‘‘tuned- 
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plate tuned-cathode”’ variety which gives good 
stability and efficiency on 112 Mc. Using 
7A4-type tubes as shown, the transmitter will 
deliver several watts output. 

The transmitter, complete with modulator 
and power supply, is built on a 3- by 4- by 17- 
inch metal chassis. As can be seen in Fig. 1525, 
the power transformer, rectifier and filter choke 
are mounted at the left-hand end of the chassis, 
the modulator tube and microphone trans- 
former are in the center, and the r.f. portion is 
on the right-hand side. The sockets for the 
7A4s are oriented so that the heater prongs’ 
face the left-hand end of the chassis. 

The plate lines mount in National FWB ter- 
minal strips which have been equipped with 
banana-plug jacks. The strips are placed 234 
inches apart, on either side of the 7A4 sockets. 
The plate lines are held together firmly by a 
copper strip at the shorted end and by impro- 
vised spacers at the center and plate end. These 
spacers are made by cutting a FWB strip in 
half and enlarging the holes so they can accept 
the copper tubing. The ends of the lines must 
be flared out a bit to equal the spacing between 
the holes for the banana-plug jacks. Banana 
plugs are soldered to the ends of the copper 
tubing. 

The cathode lines are mounted underneath 
the chassis and are connected directly to the 
cathode pins of the 7A4 sockets, the other end 
of the cathode lines being supported by a 
metal pillar. The cathode tuning condenser is 
n unted on the front wall of the chassis and 
the plate tuning condenser is mounted on the 
rear wall. The location and mounting of the 
other parts can be seen from Fig. 1527. 

In tuning to the 214-meter band, first set the 
plate tuning condenser, C2, so that the spacing 
between plates is approximately 14 inch. Then 
apply power and rotate the cathode tuning 
condenser, C}, until oscillation starts, as indi- 
cated by a drop in plate current. The plate cur- 
rent at resonance should be about 20 ma., and 
it will rise to 50 ma. or more when the unit is 


Fig. 1525 — A complete low-powered 112- 
Mc. transmitter. The cathode tuning is con- 
trolled by the knob at the right and the 
volume control is at the center, just above 
the microphone jack. The rubber grommet 
between the two knobs insulates the screw- 
driver used for plate tuning. 
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Fig. 1526 — Circuit of the complete 112-Mc. transmitter. 


Ci — 15-uyufd. variable (National UM-15). 


C2— Small disk-type neutralizing condenser (Bud 


Cs — 25-nfd. electrolytic, 25 volts. 

Ca, Cs — 8-ufd. electrolytic, 450 volts. 

Ri — 10,000 ohms, 4 watt. 

Re, Rs — 25 ohms, 14 watt. 

Ra — 400 ohms, 1 watt. 

Rs — 50,000-ohm volume control. 

Re — 25,000 ohms, 10 watts. 

Li — 11% inches 14-inch o.d. copper tubing spaced 14 
inch on centers. 


not oscillating. Antenna coupling is adjusted 
by changing the position of the antenna cou- 
pling loop, Ls, with respect to the plate lines, 
and the oscillator should be loaded to about 
35 ma. A 0-100 milliammeter can be used for 
measuring plate current — when it is switched 
across Re it reads oscillator current and across 
Re and Rz it will read total oscillator and mod- 
ulator current. The 6F6 should draw about 50 
ma. (combined screen and plate current). 

As with all self-excited transmitters, a re- 
liable frequency-checking system should be 
used to insure that the transmitter is working 
within the amateur band. The frequency is 
lowered by increasing the capacity of C2 and 
retuning C; for maximum output as described 
on page 324. Either a single- or double-button 
microphone can be used. 


Fig. 1527— The 
cathode lines run un- 
der the chassis and are 
supported by a metal 
pillar at the far end, 
near the microphone 
battery. Note the mod- 
ulation choke, Ls, at 
the left-hand end of 
the chassis. 


Lz2— 15 inches 4-inch o.d. copper tubing spaced 4% 
inch on centers. 
Ls — Loop 4 inches long of No. 14 wire, 14-inch 


wide. 

La, Ls — 10 henries, 55 ma. (Thordarson T-14C64). 

J1 — Double-button microphone jack. 

Swi — S.p.s.t. toggle switch. 

Swe — D.p.d.t. toggle switch. 

Ti — 600-volt 60-ma. transformer with 6.3- and 5-volt 
windings (Thordarson T-13R17). 

T2— Double-button microphone transformer (UTC 


° 


e@ MEDIUM-POWER TUNED-PLATE 
TUNED-FILAMENT TRANSMITTER 

Figs. 1528, 1529 and 1530 show the construc- 
tion and circuit of a second tuned-plate tuned- 
filament 214-meter transmitter. This set has 
much in common with the one just described, 
but conventional tubes of the medium-power 
class are employed. Fundamentally the circuit 
of Fig. 1529 is the same as that of the r.f. por- 
tion of Fig. 1526, with slight changes made 
necessary by the directly-heated type of tube 
used. This arrangement, even with conven- 
tional tubes, operates with an efficiency of 
better than 50 per cent. 

A glance at Fig. 1528 will show the arrange- 
ment of the plate circuit, supported on top of 
the chassis. The chassis is 414 inches wide, 
15 inches long and 214 inches deep. There is no 
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Fig. 1528 — This transmitter operates efficiently with 


conventional tubes at 112 Mc. To reduce losses, the 
plate lines are not condenser tuned. A slider is used for 
frequency adjustment. The hairpin coupling link is at 
the left. 


tuning condenser for the plate line; a condenser 
may be used, if desired, but for best efficiency 
it should be omitted. The line is relatively 
short for the frequency, the reason being that 
the internal tube leads make a considerable 
addition to the actual length of the line, plus the 
loading effect of the tube plate-grid capacity. 

The high-voltage connection, brought 
through an insulator in the chassis, is shown 
just to the left of the supporting insulator in 
Fig. 1528. The antenna-coupling link, Ls, is 
made from small-diameter copper tubing; its 
length should be adjusted to give the desired 
loading, with the antenna used. 

Fig. 1530 is a view of the tuned filament cir- 
cuit underneath the chassis. Each pipe is 
soldered to and partly supported by a filament 
prong on each tube socket. The shorted end of 
the line is held in place by a metal pillar which 
also makes the connection to the chassis 
ground. A wire is fed through each pipe and 
connected to the other filament prong on the 
appropriate socket. These wires are connected 
together at the shorted end and filament volt- 
age applied between this common connection 
and ground. 


Fig. 1529 — Circuit dia- 
gram of the medium- 
power 112-Mce. oscillator. 
Ci — 15-yyfd. variable. 
Ri — 5000 ohms, 10-watt. 
Ii, Le— Filament and 

plate lines; % 
inch o.d. copper 
tubing, length 12 
inches, spaced di- 
ameter of tubing. 
L3 — Hairpin link for an- 
tenna coupling; 
length approxi- 
mately 3 inches. © 
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C,, the filament-line tuning condenser, rests 
on the insulated portions of the sockets and is 
securely mounted by two small aluminum 
brackets which fit under the socket mounting 
screws. Care must be taken to prevent ground- 
ing of the condenser plates. A short connection 
is made between the two grid prongs, and the 
grid resistor, R31, runs from the center of this 
connection to ground. 

Tuning is similar to that already described 
for the low-power transmitter. The setting of 
C; which gives minimum plate current is not, 
however, the adjustment at which the circuit 
delivers maximum output. A lamp dummy 
antenna coupled to the pipes will show that as 
the condenser setting is slightly altered the 
plate current will rise and the output will in- 
crease. The current should not-be allowed to 
exceed 200 ma. at full load. 

Other tubes than the T40s shown have been 
used successfully in this circuit, including 
types 809, T20, RK32, RK11, RK12, 811, and 
TZ40. Still others of similar construction and 
ratings undoubtedly also would function satis- 
factorily. Tubes like the HK24 and 35T will 
work well at 224 Mc. using this circuit. 

A modulator capable of delivering 100 watts 
of audio is required with the transmitter run- 
ning 200 watts input, and a pair of HY30Zs 
in Class B is reeommended for the modulator. 
A suitable power supply which will furnish the 
necessary 200 ma. at 1000 volts is shown in 
Fig. 1225. 


eA GRID-STABILIZED 815 li2-MC. 
TRANSMITTER 


The transmitter shown in Figs. 1531, 1532 
and 1533 uses an 815 double beam tube in a 
grid-stabilized oscillator circuit and will run 
at an input of 60 watts with good efficiency. 
The circuit (Fig. 1532) is similar to the tuned- 
grid tuned-plate except that it uses a linear 
circuit instead of a coil and condenser in the 
grid circuit. By tapping the grids down on the 
line the line is loaded lightly and consequently 
retains its high Q. The 815 does not have a 
high-enough grid-plate capacity to give all of 
the necessary feedback, and some additional 
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Fig. 1530 — Below-chassis view of the medium-power oscil- 


lator. The arrangement is described in the text. 


capacity must be added from plate to grid of 
both sections of the tube. This is easily done 
by two short lengths of wire running from the 
plate terminals to near the grid lines. 

The transmitter is mounted on a 3- by 4- by 
5-inch box, and the box houses the filament 
transformer and the various condensers, re- 
sistors and the r.f. choke. The grid line is made 
of half-inch copper tubing and is supported a 
half inch from the box by three feed-through 
insulators which also serve as convenient con- 


Fig. 1531 — The grid- 
stabilized 812 112-Mc. 
transmitter is mounted 
on a 3- by 4- by 5-inch 
box. The frequency is 
changed by adjusting the 
length of the grid lines 
by sliding the inner tubes 
in and out. The power 
supply cable plugs on 
the plug mounted on the 
side of the box. 





nectors to the grids and to the grid leak, 
The open ends of the parallel tubings take 
38-inch lengths of 34-inch diameter tubing 
which can be moved in and out to adjust 
the frequency of the oscillator. They are 
held securely in place by set screws 
through the half-inch tubing. 

The plate condenser is supported by a 
38-inch steatite pillar which also acts as a 
guide for the sliding variable antenna 
coupling. Two large 866-type plate caps 
are slid over the pillar and the antenna 
binding-post assembly (National FWB) 
is fastened to them by short lengths of 
No. 12 wire. By sliding this assembly up 
and down the antenna coupling can be 
set to any value desired. 

There is nothing unusual about the tuning of 
the transmitter outside of the adjustment of 
the feedback condensers. This can best be done 
with a dummy load such as a 25-watt electric 
lamp connected to the antenna terminals. The 
lead from the grid leak, Ri, to ground should 
be opened and a 0-10 milliammeter connected 
in the circuit. Plate voltage can be applied and 
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Fig. 1532 — Wiring diagram of the grid-stabilized 
2%-meter oscillator. 

Ci — 15-yyufd. dual condenser (Hammarlund HF-15X). 

C2 — 0.002-ufd. mica. 

Cr — Feedback condenser. See text. 

Ri — 15,000 ohms, 1 watt. 

Re — 25,000 ohms, 10 watts. 

Li— %-inch diam. copper tubing 23 inches long. 
Spaced 1 inch on centers; grids tapped 234 
inches from shorted end. 

Le — 2 turns No. 12 enam., 1-inch diam., turns spaced 
34 inch. 

L3 — 2 turns No. 12 enam., 34-inch diam., turns spaced 
VY inch. 

RFC — U.b.f. choke (Ohmite Z-1). 

Ti — 6.3-volt filament transformer (Thordarson T19F81). 


‘the plate tuning condenser rotated for maxi- 


mum output as indicated by the brilliancy of 
the lamp. The grid current should be between 
3.5 and 5 ma. at this point —if it is higher 
there is too much feedback and the feedback 
capacity should be reduced by trimming off a 
short length of the wire or by moving it away 
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Fig. 1533 — A close-up view of the 815 transmitter 
showing how the antenna coupling is changed by sliding 
the antenna coil support on the insulating pillar. Note 
the wires for feedback control running from the plates of 
the 815 close to the grid lines. The filament transformer 
and the various resistors and by-pass condensers are 
mounted in the box, shown here with one side removed. 


from the grid lines. It is not too critical a set- 
ting but it should be done before the transmit- 
ter is put on the air. After the proper feedback 
adjustment is found, the antenna can be 
coupled to the transmitter and modulation ap- 
plied. The frequency can be checked by means 
of Lecher wires or a wavemeter. The antenna 
coupling is tightened until the plate current is 
150 ma. and the grid current should be between 
3.5 and 5 ma. under these conditions. 

The power supply is required to deliver 
slightly over 165 ma. at 400 volts, and the 
modulator must give at least 30 watts to mod- 
ulate fully the oscillator. A pair of 6L6s in 
Class AB, will be satisfactory for the modu- 
lator, and the 400-volt supply can be the same 
as suggested for Fig. 1512. 


eA TRANSMITTER FOR 224 MC. 


As one operates on frequencies higher than 
116 Me. he finds considerable difficulty in get- 
ting good performance with tubes other than 
those designed expressly for u.h.f. operation. 
However, there are several inexpensive tubes 
available to amateurs that will perform well on 
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224 Mc., and the transmitter shown in Figs. 
1534, 1535 and 1536 shows how the HY75 can 
be put to work. 

The transmitter is built on a 3%- by 6%- 
inch strip of 44-inch Presdwood supported by 
two strips of 1- by 2-inch wood. A rectangular 
hole is cut in the center of the Presdwood to 
accommodate the tuning condenser which is 
supported by two metal pillars at one end. The 
tuned circuit consists of two pieces of 14-inch 
copper tubing 3) inches long which are sup-., 
ported at one end by two feed-through in- 
sulators. The screws of the feed-through insula- 
tors are sweated into the ends of the tubing, 
and the tuning condenser connects to two 
lugs right at this point. Connection from the 
tubing to the grid and plate leads of the tube is 
made through \% inch of flexible braid. Fila- 
ment chokes, the plate r.f. choke and the grid 
leak are mounted under the chassis. 

The antenna coupling consists of a loop of 
wire parallel to the copper tubing and ter- 
minating in the antenna binding posts. The 
coupling is varied by moving the loop nearer to 
or farther away from the copper tubing. 

The transmitter should first be tested with 
a dummy load, and a 10-watt electric lamp is 
excellent for the purpose. The load is connected 
to the antenna posts and the p wer supply is 
then turned on. If everything is connected 
properly the lamp will light, its brilliancy de- 
pending upon the tightness of coupling and the 
setting of Cy. It will be found that the output 
is a little better towards the maximum-capac- 
ity end of the range of C;. The frequency 





Fig. 1534 — A 224-Me. transmitter using the HY75. 
A rectangular hole in the top of the Presdwood chassis 
allows the tuning condenser to be placed for shortest 
leads. The tuning condenser is adjusted by an insulated 
screwdriver. 
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6.3V. Filament 
Transformer 
Center tap 
Fig. 1535 — Wiring diagram of the 224-Me. oscillator. 
Ci — 100-pnyufd. midget variable (National UM-100). 
Ri — 5000 ohms, 10 watts wirewound. 
Li — 44-inch copper tubing 3 inches long, spaced 44 


inch on centers. 

Lez — 2-inch loop No. 16 bare wire. 

RFC: — U.h.f. choke (Ohmite Z-1 or Z-0). 

RFCe2, RFCs — 10 turns No. 18 enam. closewound on 
14-inch diam., self-supporting. 


coverage of the transmitter should now be 
checked, by Lecher wires or a wavemeter, to 
make sure that it will cover the range. The 
coverage can be adjusted slightly by changing 
the separation of the copper tubes, but if this 
is not enough the tubes will have to be made 
shorter or longer. The tuning condenser is ad- 
justed by an insulated screwdriver. 

The transmitter requires a power supply 
capable of furnishing 60 ma. at 400 volts, and 
the modulator should be capable of delivering 
12 watts of audio. The 6A6 modulator men- 
tioned for use with Fig. 1503 will be quite 
adequate. 

Because of its small size, a transmitter of 
this type can be built right into a rotatable an- 
tenna for the 224-Mc. band if desired. It is de- 
sirable not to run a feed line for any great dis- 
tance at this frequency because of the chances 
for loss in the line. 


eA 1Ii2-MC. BATTERY TRANSCEIVER 


The transceiver shown in Figs. 1587, 1538, 
1539 and 1540 is designed for short-haul porta- 
ble operation in the 112-Mc. band. Its range 
can be extended considerably by using it with 
a better antenna in a suitable location, but 
with the attached antenna a range of several 
miles can be expected from mediocre locations 
and many times this distance from high points. 
The use of 1.4-volt battery tubes and a Class-B 
audio stage provides economical battery oper- 
ation. Replacement batteries can be obtained 
for less than $3.00, and the complete cost of 
the transceiver is approximately $21.00. Vari- 
able antenna coupling, good band spread and a 
loud speaker all add to operating convenience. 

The transceiver uses an H Y-114-B oscillator- 
detector, a 1G4G driver and a 1G6G Class-B 
audio output stage. The use of Class-B output 
results in economical use of the battery power 


because full plate current is only drawn during 
modulation peaks or strong signal peaks. The 
HY-114-B is used in the usual transceiver cir- 
cuit — a larger value of grid leak is switched in 
during reception and causes the detector to 
superregenerate. Other contacts on the send- 
receive switch open the microphone circuit, 





Fig. 1536 — The r.f. chokes and the grid leak are 
mounted under the chassis of the 224-Me. transmitter. 
The power supply cable is brought in through a hole in 
the side to the tie strip on the left-hand side. 


change over the plate voltage to the detector 
and switch the audio output from modulation 
transformer to speaker or headphones. A tog- 
gle switch on the panel allows headphones to be 
switched in when that type of operation is 
desired. 

A 10- by 12- by 3-inch chassis is used as the 
cabinet for the transceiver, the bottom plate of 
the chassis serving as a panel on which is 
mounted all of the radio equipment. A carrying 
handle and eyes for the carrying-belt snap 
hooks are bolted to the chassis. The arrange- 
ment of the parts and controls can be seen in 
Figs. 1538 and 1540. A shelf is made by cutting 
down a deck chassis that originally measured 
834 by 614 inches to a depth of 234 inches. The 
tuning dial is mounted so that its shaft is 24% 
inches down from the top and 2}4 inches in 
from the right-hand edge, and then the tuning 
condenser can be mounted to line up with the 
dial — it is spaced from the panel by 14-inch 
pillars. The shelf is mounted on the panel so 
that it is 614 inches above the bottom of the 
panel. When the shelf has been located, it can 
be removed and the tube sockets and other 


_parts mounted on it. The HY-114-B socket is 


15 inches in from the left-hand edge (looking 
at it from the rear) and the 1G4G socket is 
placed 134 inches farther to the right. The 
1G6G socket is located 3 inches from the right- 
hand edge, and all sockets are placed as close 
to the edge of the shelf as possible, with the 
filament prongs facing the edge. 
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Transformer 7'; is mounted between 
the HY-114-B and the panel, 7. fits 
between the two audio tubes, 74 
mounts on the right end of the shelf 
under the speaker, and 7’3 is mounted 
below the shelf in back of the regener- 
ation control. 

Before the unit is completely as- 
sembled for wiring, it is necessary to 
modify C;. The mounting bracket is 
removed and the rotor terminal is 
shifted around to the right-hand side 
(rear view). The extra rotor and stator 
plates can be removed at this time, 
and the right-hand stator terminal is 
clipped off flush with the plate. This 
last operation allows the padding con- 
denser, Ce, to be mounted between 
the rotor and stator lugs of C; without 
interference from the unused terminal. 

The swinging link is made by fas- 
tening a 1-turn link of No. 12 wire to 
a 314-inch length of 14-inch diameter 
polystyrene rod. The ends of the link 
are passed through holes drilled in the 
rod and fastened with Duco cement. 
Flexible leads to the antenna posts are soldered 
to the link before it is cemented in place. 


Fig. 1537 — The complete self-contained 214-meter 
transceiver is built in a 10- by 12- by 3-inch chassis. In 
this front view the speaker grill and tuning control can 
be seen. The knob above the tuning dial controls the 
adjustable antenna coupling, and the lower knobs are 
regeneration (left) and send-receive switch. The toggle 
switch in the center permits either headphone or speaker 
operation — the battery “off” switch is mounted on the 
regeneration control. 
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Fig. 1538 — A shot inside the chassis shows how the batteries 
are arranged and how all of the radio gear is mounted on the panel 
(actually the bottom plate of the chassis). Note the swinging link 
used to control antenna coupling. The band-set condenser is ad- 
justed before the unit is fastened in place. 


The wiring of the detector-oscillator is the 
most important part of the wiring, and care 
should be taken in making the leads short and 
rigid. The coil Z; is placed so that it will clear 
the plates of Ci; and not be too close to the cab- 
inet when the panel is put in place. The other 
wiring requires no special attention except that 
it should be not likely to flop around. Spare 
pins on the sockets can be used conveniently as 
tie points for the wires coming from the 
batteries. 

The carrying straps can be cut from web 
belting or from inexpensive dog leashes. Eyes 
and snap hooks for the straps are sold by hard- 
ware stores, and the belting or leashes can be 
obtained from the dime stores or from pet 
shops. 

The A supply is one Burgess 4F or one 
Eveready type 742, and either two Burgess 
M30 or two Eveready 482 are used for the B 
supply. The bias battery is either a Burgess 
5540 or an Eveready 773. Life charts furnished 
with the batteries show that the B batteries 
will last for approximately 60 or 70 hours of 
operation — the A battery will stand up a bit 
longer. The C battery will last for its shelf life, 
and it need only be checked once in a while.. 

To put the transceiver in operation, the 
battery leads are soldered in place and an an- 
tenna is attached. The antenna length is not 
critical, but it should be around 283 inches if a 
quarter-wave antenna is to be used and about 
45 inches for a half-wave antenna. The head- 
phones and microphone are plugged in the 
proper jacks and the swinging link set for min- 
imum antenna coupling. S3 should be turned 
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Fig. 1539 — Circuit of the battery transceiver. 


Ci — 2-plate variable (Hammarlund HF-15 with four 
plates removed). 

Co— 3- 30-nufd. mica (National M-30). 

Cz — 100-uufd. mica. 

C4 — 0.005-ufd. mica. 

Cs — 0.01-ufd. paper, 400 volts. 

Ce — 0.25-ufd. paper, 600 volts. 

Ri — 5000 ohms, 4 watt. 

Re — 0.1 megohm, 4 watt. 

R3 — 0.1 megohm variable (Yaxley). 

Li — 5 turns No. 12 bare wire, 44-inch diam., turns 
spaced diameter of wire. 

Link — See text. 


to the ‘‘receive’”’ position and turning R; 
clockwise will turn on the set. 

As R3 is advanced in a clockwise direction, 
the superregenerative hiss should become audi- 
ble. Tightening the antenna coupling will re- 
quire that Rs be advanced further but, unless 
something is radically wrong, it will be possi- 





Fig. 1540 — Another view of the gear mounted on the 
panel, showing the placement of parts. This arrangement 
should be followed closely in order to clear the batteries 
when the entire unit is assembled. The modulation 
transformer can be seen just in front of the regeneration 
control — the other transformers are mounted above 
the shelf. 


RFC — U.b.f. r.f. choke (Ohmite Z-1). 

Si — S.p.d.t. toggle switch. 

Se — D.p.s.t. snap switch mounted on R3 (Yaxley No.7). 

S3—4-circuit single-gang selector switch (Yaxley 
3242-J). 

Speaker — 3-inch speaker (Jensen Economy-P-300). 

Ti — Transceiver transformer (Inca I-45). 

T2— <a? oe to Class-B grids transformer (Inca 

Ts — Modulation transformer, 10,000 ohms to 8000 
ohms secondary (Inca N-37). 

Ts — Speaker transformer, 8000 ohms to 4 ohms sec- 
ondary (Inca F-64). 


ble to make the detector superregenerate with 
the antenna coupling set near maximum. The 
band-set condenser, C2, should now be adjusted 
so that the 214-meter band is centered on the 
tuning dial, and this can best be done with 
Lecher wires or an absorption-type wavemeter, 
or by comparison with someone else’s trans- 
ceiver. When this has been done, the trans- 
ceiver can be switched to the ‘‘send”’ position 
and the transmitter checked. 

If the detector does not superregenerate 
smoothly over the entire range, it will be well 
to experiment with the position of the tap on 
Ly, the value of C's and the value of Re. The 
hiss should be smooth, with no tendency to- 
wards an audible squeal. The antenna loading 
can be judged by switching to the ‘‘receive”’ 
position and increasing the coupling until the 
detector stops superregenerating. The link is 
then backed off slightly until the detector 
again works properly, and this setting will be 


_ satisfactory for transmitting as well. 


This transceiver has been used successfully 
as a ‘‘walkie-talkie”’ over a haif mile or more 
of flat town streets, and distances of from 12 
to 15 miles have been covered from suitable 
locations. The headphone output is of good 
strength, but the speaker output is relatively 
low and it will be most useful with strong sig- 
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Fig. 1541 — A complete 112-Mc. mobile transmitter 
before installation. The vibrator supply is in the plain 
box at the rear. The two larger units can be installed in 
the trunk compartment of the car, while the control 
box mounts near the operator in the driver’s seat. 


nals and in surroundings with few disturbing 
noises. 


@A 15-WATT 1lI2-MC. TRANSMITTER 
FOR MOBILE USE 


The transmitter shown in Figs. 1541, 1542, 


1543 and 1544 is designed to be used in an au- 
tomobile in conjunction with a vibrator power 


aspen! Le 
6V. Mic. 


U4 
Mic. = Battery 


Control Box Battery 





supply giving 100 ma. at 300 volts. The most 
convenient place to mount it is in the trunk 
compartment at the rear of the car, and a con- 
trol system is shown for working it from the 
driver’s seat. The oscillator runs at 15 watts 
input and delivers enough power to give an 
excellent account of itself. 

As can be seen from Fig. 1542, the oscillator 
uses an HY-75 tube in the ultraudion circuit, 
using fairly high C to improve the carrier sta- 
bility and reduce frequency modulation. Cou- 
pling between the oscillator tank circuit and 
the antenna is varied by means of a swinging 
link. 

The audio end of the transmitter employs a 
single-button carbon microphone working into 
a 6C5 Class-A driver stage which is trans- 
former-coupled to a 6Y7G Class-B modulator. 
With a 6-volt battery the microphone output is 
more than adequate for full power output from 
the speech system. The Class-B modulator 
gives higher power efficiency and lower average 
plate current than a Class-A modulator and, as 
a result, the proportion of the limited power- 
supply output current which must be reserved 
for the audio section is relatively low. The 
6Y7G, an octal-based version of the 79, re- 
quires a plate-to-plate load resistance of about 
14,000 ohms. The oscillator, operating with 300 


T3 
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Fig. 1542 — Wiring diagram of the 214-meter mobile transmitter. 


Ci — 35-uyfd. midget variable (Hammarlund HF-35). 

C2 — 100-nufd. mica. 

Cs — 10-ufd. electrolytic, 50-volt. 

C4 — 8-zfd. electrolytic, 450-volt. 

Ri — 5000 ohms, 1 watt. 

Re — 1000 ohms, 1 watt. 

Rs — 0.1-meg. variable. 

Li —2 turns of }%-inch diam. copper tube, 34-inch 
.. Wdiam., turns spaced 34 inch. 

Link —2 turns No. 12 wire, 34-inch diam., double 

spaced. 
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Ji, Je — Midget closed-circuit jacks. 

Js, Ja — Midget open-circuit jacks. 

Si, Se — Heavy-duty d.p.s.t. toggle switches. 

Bi, Bz — 150-ma. dial lights. 

RFC — High-frequency r.f. chokes (Ohmite Z-1). 

Ti —S.b. microphone to single or push-pull grids 
(Thordarson T-86A02). 

Tz — Interstage audio, single plate to push-pull grids 
(Thordarson T-19D06). 

Ts— Output transformer, 10,000-ohm primary to 
4500-ohm secondary (Thordarson T-17M59). 








UHZ rawanitles awd be ee ee 


volts at 50 ma., represents a load impedance of 
6000 ohms, so that the primary-to-secondary 
impedance ratio required in the coupling trans- 
former is 2.3 to 1. With the transformer speci- 
fied a close approximation to this ratio is se- 
cured when the taps are selected to match 
4500 ohms to 10,000. 

The transmitter is enclosed in a 5- by 6- by 
9-inch metal cabinet. Most of the parts are 
mounted on a chassis (ICA) measuring 434 by 
81% by 1)% inches. The panel and chassis are 
fastened together by the d.c. input plug, gain 
control and jacks which may be seen in Fig. 


1541; the microphone jack, J3, is the one at the 


right. Feed-through insulators which serve as 
antenna terminals can be seen at the top left- 
hand corner of the panel. A hole for screw- 
driver tuning of the oscillator is drilled below 
one of the antenna insulators. This hole should 
preferably be drilled after Ci has been mounted 
to insure that it lines up with the condenser 
shaft. The swinging-link control shaft is to the 
right of the hole just mentioned. 

Fig. 1543 of the transmitter shows the ar- 
rangement of the main components. The 
6C5, Te, the 6BY7G and the HY-75 may be 
seen from left to right along the rear edge of the 
chassis. 7'; is located at the front left-hand cor- 
ner with 73 to the right. Cy is mounted on a 
stand-off insulator which elevates the con- 
denser mounting bracket 15 inches above the 
base. The nut which clamps the mounting 
bracket and condenser together should be 
loosened and the bracket rotated 180 degrees; 





Fig. 1543 — A rear view of the mobile transmitter. 


this reduces the length of the leads associated 
with the tuned circuit. The condenser shaft 
should be slotted with a hack-saw to allow 
screw-driver adjustment. 

The r.f. circuit components are kept as com- 
pact as possible. The plate r.f. choke is to the 
left of the tube, and the grid choke, C2 and Ry 
are at the right. L is soldered directly to the 
terminals of Cy. Small-sized shield braid is 
used for the flexible lead between the HY-75 
plate cap and the tuned circuit. 

The swinging link is easily constructed. It is 
made from a panel bearing assembly with the 
shaft extension cut down to a length of 1 inch. 
A piece of 44-inch polystyrene rod is fastened 
to the metal shaft by means of a solid shaft 
coupling. The ends of the link winding pass 
through holes drilled in the polystyrene rod; 
adequate rigidity will be obtained if the shaft 
holes are not made too large and if the wires 
are cemented in place. The panel bearing shaft 
is slotted to facilitate serew-driver adjustment. 

Fig. 1544 shows the arrangement of the parts 
mounted beneath the chassis. C3 and Re are at 
the upper left-hand corner. Cy is the con- 
denser connected between the tube socket and 
the microphone jack. The shaft of 2; should be 
slotted before the resistor is mounted. The 
4-prong plug is mounted on the panel and 
projects through a 13-inch hole in the chassis 
wall. 

The cabinet has rolled-over edges to which 
the panel is fastened. The panel and chassis 
assembly cannot be slipped into the case un- 
less the edges on the bottom and sides 
are cut out; the entire length of the 
side pieces need not be removed but 
the bottom edge should be cut off 
completely. 

The control box components are 
all housed in a 3- by 4- by 5-inch 
metal utility box. The plug mounts 
at one end of the box and the rest of 
the parts mount on one of the long 
sides. The microphone battery can be 
placed inside the case, but this calls 
for filing down the turned-down edges 
since the opening is a little too small 
to pass an ordinary 6-volt dry bat- 
tery such as the Burgess No. F4PI. 

Heavy-duty toggle switches should 
be used for the storage battery cir- 
cuits. Most dealers carry a type de- 
signed for 125 volts at 12 amperes. 
These switches are nearly all of the 
d.p.s.t. variety and the poles may be 
connected in parallel to increase, the 
safety factor. 

Plate currents can be measured by 
a 0-100 milliammeter fitted out with 
a plug for the plate jacks Ji and 
J2. The oscillator plate current should 
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be approximately 35 ma. with no antenna load 
and with 300 volts on the plate. The antenna 
coupling and tuning should be adjusted to 
obtain a full-load current of approximately 50 
ma., using the loosest coupling which will give 
the desired plate current. 

The modulator plate current should be 
about 25 ma. without speech and should rise 
to about 100 ma. on peaks. Under full modu- 
lation the plate current of the oscillator will 
kick downward slightly because of the voltage 
drop most power supplies show when the mod- 
ulator current increases. 

The preliminary testing might well be 
carried on with a dummy load coupled to the 
oscillator. As a matter of fact, this procedure 
is recommended unless the transmitter fre- 
quency has been set inside the 214-meter band 
before the actual auto installation is started. 
In any event, check the frequency carefully 
before starting up for regular operation, be- 
cause the antenna loading will affect the fre- 
quency. Also, because the circuit is high-C a 
small variation in the setting of Ci will cause 
a considerable jump in frequency. It is wise to 
check the frequency each time an adjustment 
is made. Frequency checking can be done with 
an absorption-type wavemeter, with Lecher 
wires or by listening on a calibrated receiver. 

A 300-volt 100-ma. vibrator type supply is 
recommended for mobile operation. The self- 
rectifying type is the least expensive and 
places the smallest load on the car battery. Of 
course, any supply that will deliver the neces- 
sary voltage and current will be quite satisfac- 
tory. An a.c. supply for testing purposes may 
have the same output capabilities as the vi- 
brator supply and should include a filament 
transformer designed to deliver 6.3 volts at 3 
or 3.5 amperes. 

The antenna can be either a quarter-wave 
(24 inches), or a half-wave (50 inches) rod can 
be used. It is easiest to feed the antenna with 
a short length of two-wire line, tuning the line 
by connecting a small 15-yyfd. condenser 
across the link or in series with the line, de- 
pending on the length of the line. The antenna 
tuning condenser can be mounted right on the 
antenna terminals of the transmitter. 

The control box should be mounted at some 
convenient point near the driver’s seat, either 
under the dash or above it. Fig. 1542 shows 
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Fig. 1544 — The bottom view of the mobile transmit- 
ter. 


how the control box is wired into the circuit, 
and Fig. 1430 shows how receiver control can 
be included in the arrangement to give a com- 
plete mobile station. 

The four leads which run from the control 
box to the transmitter in the trunk are encased 
in large-sized spaghetti tubing. 

The power supply is housed in a metal 
cabinet both for good appearance and protec- 
tion. Both of the cabinets (transmitter and 
supply) should be bolted to the trunk floor 
before the rest of the equipment is installed. 
The transmitter and supply can then be 
slipped in place and bonded together and to 
the car frame. 

Current and voltage readings will be low 
unless the power supply and transmitter fila- 
ments get the proper voltage. The slight drop 
caused by the long leads can be tolerated if 
the car battery voltage is up to standard, but 
a run-down battery may cause trouble. The 
voltage at the transmitter will be variable 
because the voltage at the battery terminals 
ranges from 6 to 8 volts, depending on whether 
or not the car motor is running. Sufficient 
voltage will reach the equipment if the car 
motor is turning over at a speed which shows 
“charge”? on the dash ammeter. 
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Emercency _ self-powered equip- 
ment is no longer a nice toy to play with when 
regular amateur activities pall; it has become 
the moral obligation of every amateur to be 
prepared in case of any communications emer- 
gency. Large-scale disasters during the past 
few years have demonstrated the tremendous 
value of amateur emergency stations in relay- 
ing relief messages when all other communica- 
tion channels are closed. Aside from the all-im- 
portant emergency phase, the use of portable 
equipment has lately been extended through 
organized activity in the annual ARRL “‘ Field 
Days,” and the problem of providing equip- 
ment suitable for use in rural districts, where 
commercial power is not available, has always 
been with us. Recent developments have fur- 
nished approaches to the solutions of some of 
the problems, and it is the purpose of this chap- 
ter to analyze and summarize the general con- 
siderations involved in the self-powered field, 
and to offer certain suggestions. 

The most vital need for self-powered equip- 
ment occurs in connection with emergency ac- 
tivity, and the basic design of all such equip- 
ment should be predicated on emergency use. 
Every amateur, no matter where he may be 
located, can reasonably expect that sometime 
he may be called upon to perform emergency 
communications duty, and it is his responsi- 
bility to the public welfare, to himself, and to 
amateur radio as a whole to see that he is in 
some measure prepared. 

It is not to be expected that every amateur 
will prepare himself for an emergency by hav- 
ing available a complete and separate self- 
powered station, although a large number of 
individuals and club groups do so. There is, 
however, no reason why every amateur cannot 
prepare his station for an emergency by having 
an emergency power supply ready and a quick 
means for utilizing all or part of his regular sta- 
tion equipment as an emergency-powered sta- 
tion. The emergency power supply can be any- 
thing from a small vibrator supply and/or bat- 
teries to a large gasoline-driven generator. It is 
the purpose of this chapter to present data on 
available types of self-powered supplies and to 
show how regular station equipment can be 
prepared for emergency applications. 

If it is considered desirable to build separate 
portable/emergency equipment, the small re- 
ceivers and transmitters described in Chapters 
Eleven, Twelve, Fourteen and Fifteen are 
recommended. 


® CHOICE OF POWER SUPPLY 


There is a comparatively wide variety of 
self-generating power sources from which to 
choose. An analysis of the numerous available 
types should disclose which is the most suitable 
in the light of specific requirements, based on 
the criteria of utility, efficiency, performance 
and cost. 

Dry batteries: Dry-cell batteries are the 
standard primary electrical energy source. 
They are ideal for receiver and low-power 
transmitter supplies because they provide 
steady, pure direct current with almost zero 
regulation. Their disadvantages are weight, 
high cost and limited current capability. In 
addition, they will lose their power even when 
not in use if allowed to stand for. periods of a 
year or more. This makes them uneconomical 
if not used more or less continuously. 

Table I shows the life to be expected from 
representative types of batteries under various 
current drains, based on intermittent service 
simulating typical operation. Continuous serv- 
ice life will be somewhat greater at very low 
current drains and from one-half to two-thirds 
the intermittent life at the higher current 
values. 

The life figures given in the table are based 
on an end-point of 34 volts. This is considered 
to be the normal limit in average equipment. 
With suitable design of the apparatus to enable 
it to operate satisfactorily on about half volt- 
age, the end-point can be extended to 24 volts, 
adding approximately 50% to the life of the 
battery in average use. 

The secret of long battery life at normal cur- 
rent drains lies in intermittent operation. The 
duration of ‘‘on”’ periods should be reduced to 
a minimum. The more frequent the rests given 
a dry-cell battery, the longer it will last. As an 
example, one standard type will last 50% 
longer if it is operated for intervals of one min- 
ute with five minutes’ rest in 24-hour intermit- 
tent operation than if it is operated continu- 
ously for four hours per day, although the ac- 
tual wattage consumption in the 24-hour period 
is the same. 

Storage batteries: The most universally ac- 
ceptable self-contained power source is the 
storage battery. 1t has high initial capacity and 
can be recharged, so that its effective life is 
practically indefinite. It can be used to provide 
filament or heater power directly, and plate 
power through associated devices such as 
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TABLE 1—BATTERY SERVICE HOURS 


Estimated to 34-volt end-point per nominal 45-volt section 
Based on intermittent use of 3 to 4 hours daily 
(For batteries manufactured in U.S. A. only) 
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Current Drain in Ma. 
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Type No. Weight 

Eveready Ox. 5 10 15 20 
386 —_ 2000 1100 | 690 | 510 
486 5 1700 880 550 | 395 
586 2 1400 800 530 | 380 
585 13 900 450 290 | 210 
162 3 320 140 81 54 
482 _ 320 140 81 54 
738 2 160 70 30 20 
733 10 50 20 11 a 
4551 8.6 70 20 11 7 






1Same life figures apply to 467, 671/4-volt, 10.5 oz. 
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Estimated to 1-volt end-point per 1.5-volt unit 
Based on intermittent use of 3 to 4 hours daily 
(For batteries manufactured in U.S. A. only) 
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1 Same life figures apply to 745, wt. 3 Ibs. 
2Same life figures apply to 747, wt. 3 Ibs. 


vibrator-transformers, dynamotors and gene- 
motors, and a.c. converters. For emergency 
work a storage battery is a particularly success- 
ful power source since practically no matter 
what the circumstances such batteries are 
available. In a serious emergency it would be 
possible to obtain 6-volt storage batteries as 
long as there were automobiles to borrow them 
from, and, for this reason, the 6-volt storage 
battery makes an excellent unit around which 
to design the low-powered portable or emer- 
gency station. 

For maximum efficiency and usefulness the 
power drain on the storage battery should be 
limited to 15 or 20 amperes from the ordinary 
100- or 120-ampere-hour 6-volt battery. This 
should provide a carrier power when transmit- 
ting of 20 to 30 watts, which is usually ade- 
quate. In connecting the battery, heavy leads 
of the automotive cable type should be used, to 
minimize the voltage drop; ordinary car-re- 
ceiver leads are definitely not satisfactory. 
Similarly, heavy-duty low-resistance switches 
are required, 
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Vibrator Power Supplies: The vibrator 
power supply consists of a specially-designed 
transformer combined with a vibrating inter- 
rupter. When the unit is connected to a storage 
battery the circuit is made and reversed rap- 
idly by the vibrator contacts and the square- 
wave d.c. which flows in the primary of the 
transformer causes an alternating voltage to be 
developed in the secondary. This high-voltage 
a.c. is in turn rectified, either by a vacuum- 
tube rectifier or by an additional synchronized 
pair of vibrator contacts, and filtered, provid- 
ing outputs as high as 400 volts at 200 ma. 
Tube rectifiers are ordinarily used only when 
the negative side of the circuit cannot be 
grounded, a requirement with the self-rectify- 
ing type. The high-voltage filter circuit is 
usually identical with that of an equivalent 
power source operating from the a.c. line. Noise 
suppression equipment, serving to minimize 
r.f. disturbances, is incorporated in the manu- 
factured units. 

Although vibrator supplies are ordinarily 
used with 6-volt tubes, their use with 2-volt 





tubes is quite possible provided additional fila- 
ment filtration is incorporated. This filter can 
consist of a small low-resistance iron-core 
choke, or the voice-coil winding of a speaker 
transformer. The field coil of a speaker de- 
signed to operate on 4 volts at the total fila- 
ment current of the receiver may be used. The 
filaments are then connected in parallel, as 
usual, and placed in series with this winding 
across the 6-volt battery. On both 6- and 2-volt 
receivers ‘‘hash’’ can be reduced by heavily 
by-passing the battery at the vibrator supply 
terminals, using 0.25 to 1 wfd. or more, and by 
including an r.f. choke in the battery lead near 
the condenser. Noise will be minimized if a 
single ground, consisting of a short, heavy cop- 
per strap, is used. Thorough shielding will also 
contribute to the noise reduction. 

Table II shows some of the available vibra- 
tor supplies that can be used for the emergency 
or portable power supply. Some of the commer- 
cial units include a hum filter and some do not, 
but the design of this filter is, for the most part, 
conventional. The vibrator supplies used with 
automobile receivers are satisfactory for re- 
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ceiver application but usually are not desirable 
for use with a transmitter except where the 
power requirements are slight. The efficiency 
of vibrator packs runs from 60% to 75%. 
Vibrator supplies are not intended to with- 
stand much overloading, but fusing of the bat- 
tery cable will eliminate any danger of failure 
through overloading. (Bib. 1.) 

Dynamotors and Genemotors: A dynamotor is 
a double-armature high-voltage generator, the 
additional winding operating as a driving 
motor. It is usually operated from a 6-, 12- or 
32-volt battery, and may deliver voltages from 
800 to 1000 or more. Dynamotors have been 
widely used in military work and many of 
those in amateur use derive from such origins. 

The genemotor is a refinement of the dyna- 
motor designed especially for automobile re- 
ceiver, sound truck and similar applications. It 
has found wide acceptance among amateurs as 
a source of transmitting power, having good 
regulation and efficiency combined with econ- 
omy of operation. It is also used in connection 
with portable receiver installations, although a 
rather high inherent noise level limits this ap- 


TABLE II— VIBRATOR SUPPLIES 


Manufacturer's Type Number 


Am. Television Electronic Mallory Radiart 
and Radio Co, 
VPM-F-7 
VP-551! 
4201B2 
VP-540 
‘ 4204F3 
605 
6044 VP-5525 
42018 
2517 
VP-555 
VPM-68 3119 
VP-557 
4202D 
60610 


Output 
; Output 
Volts Rectifier Filter 
90 Syn. Yes 
125-150- 
175-200 Syn. No 
ako ROO! eee (.)_ eee Yes 
250 Syn. Yes 
‘ sO Syn. Yes 
450-000- | 3540- | ... 
250-275 __ 50-65 Syn. No 
225-250— =—— ps 
275-300 No 
150-200- 
250-275- No 
300 
300 Yes 
300 Yes 
250-275—- 
300-325 100-125 Yes 
0 el 
400 15 condenser 
furnished 
300- 200- ————— 
400 150 Yes 
325-350- 
125-150- lapat 
a ms " 175-200 condenser 
"50 ie” 20 watts furnished 





All inputs 6.3 volts d.c. unless otherwise noted. 


1VP-553 same with tube rectifier. 

2 In weatherproof case. 4201B2 same with tube rectifier. 

“i . 180-cycle vibrator, lightweight. 4204 same with no output 
er. 

4601 same with tube rectifier; 602 same except 12 v. d.cinput 
and hg rectifier; 603 same except 32 v. d.c. input and tube 
rectifier. 

5 VP-554 same with tube rectifier, VP-G556 same except 12 v. 
d.c. inputy VP-F558 same except 32 v. d.c. input. 


*4200D same with tube rectifier; 4200DF same with tube 
rectifier and output filter. 

7551 same with 12 v. d.c. input.. 

8 Also available without filter. , 

® 511 same except 12 v. d.c. input. 

10 Input 6 v. d.c. or 110 v. a.c., 607 same except 12 v. d.c. or 
110 v. a.c. input, 608 same except 32 v. d.c.0or110v.a.c. input, 
609 same except 110 v. d.c. or 110 v. a.c. input. 
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plication in sensitive amateur high-frequency 
receivers. 

Genemotors are made to fill almost every 
need. Their cost, at amateur net prices, runs 
from about eight to twenty-four dollars. Stand- 
ard models range from 135 volts at 30 ma. to 
300 volts at 200 ma. or 500 volts at 200 ma. as 
can be seen in Table III. Parallel and series 
operation of identical units to provide higher 
capacity is entirely practical. The normal effi- 
ciency averages around 50%, increasing to 
better than 60% in the higher-power units. The 
regulation is comparable to well-designed a.c. 
supplies; it is largely a result of external JR 
drops. 

Successful operation of dynamotors and 
genemotors implies heavy, direct leads, me- 
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtration (the purchase 
of manufactured filter units is recommended). 
The shafts and bearings should be thoroughly 
“run in”’ before regular operation is attempted, 
and the tension of the bearings should be 
checked occasionally. 

A.c.-d.c. converters: In some cases it may be 
desirable to utilize existing equipment built for 
115-volt a.c. operation in portable applications. 
To operate such equipment with any of the 
power sources outlined in the foregoing would 
require a considerable amount of rebuilding. 
This can be obviated by using a rotary con- 
verter capable of changing the d.c. from 6-, 12- 
or 82-volt batteries or 110 d.c. lines to 110-volt 
60-cycle a.c. Such converter units are available 
from several manufacturers, with output rat- 
ings from 40 to 300 watts. Their cost runs from 
fifteen to fifty dollars at amateur prices. 


Fig. 1601 — Combination 6- and 115- 
volt power supply. 

Ch —120-ma. 4-henry filter 
(Thordarson T-49C91). 

Ci— 0.06-ufd. paper, 400-volt. 

Cz — 0.5-ufd. paper 200-volt. 

Cs— 8-yufd. electrolytic, 600-volt. 

C4— 12-ufd. electrolytic, 450-volt. 

Cs — 10-ufd. electrolytic, 25-volt. 

Ri, Re— 100 ohms, 4-watt. 

T — 375-volt 135-ma. power transformer 
with 115-volt and 6-volt prima- 
ries (Thordarson T-14R40). 

SWi— D.p.s.t. heavy duty toggle switch. 

SW2 — S.p.s.t. toggle switch. 


choke 


Si—10-contact male socket (Jones 
P-310-AB). 

Pi, P2— 10-contact male plugs (Jones 
S-310-FHT). 


RFC — 40 turns No. 14 enamelled wire, 
wound in two layers, 54” i.d. 

Vib. — Mallory 825 or 294. 825 will 
handle more current. 
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The conversion efficiency of these units aver- 
ages about 50%. In appearance and operation 
they are similar to genemotors of equivalent 
ratings, while the prices are approximately the 
same. The overall efficiency of the converter 
system will be lower because of the losses in the 
a.c. rectifier-filter circuits and the necessity for 
converting heater as well as plate power. 

Generators: The plate supply systems out- 
lined in the foregoing are, with the exception of 
the dry-cell batteries, designed to utilize the 
electrical energy stored in a storage battery. 
The problem then arises of securing the energy 
to be stored in the battery. If access to a.c.- 
operated chargers is not possible at times be- 
tween actual use, some form of self-powered 
charging system is essential. 

This need is ordinarily best met by a gaso- 
line- or wind-driven generator. Water-power 
generators have been used, but their depend- 
ence on special circumstances is obvious, and 
they are not available in small sizes. 

The windcharger consists of a small genera- 
tor driven by a suitable impeller, mounted to 
take advantage of the free energy offered by 
the wind. The standard type costing in the 
neighborhood of twenty dollars will supply up 
to 16 amperes to a 6-volt battery..It will ordi- 
narily keep fully charged a battery used to 
power a typical receiver and small transmitter 
operated from vibrator or genemotor supply in 
intermittent operation. (Bzb. 2.) 

Gasoline-driven generators are also available 
for use in charging 6-volt or larger batteries. 
These ordinarily are rated at 150 or 200 watts 
and cost in the neighborhood of forty dollars. 
A \4- or 3%-h.p. single-cylinder four-cycle en- 
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TABLE Ill—DYNAMOTORS 


Manufacturer's Type No. 


Carter Eicor Pioneer Volts 
135A 6 
180A 6 
240A 6 
210A 6 
220A 6 
250A 1021 E1W2722 6 
251A E1W3393 6 
QTIA 6 
301A 1064 E2W3515 6 
315A 1586 E2W2435 6 
320A RAOW1587 6 
351A 6 
355A 108 E2W256° 6 
352A 6 
401A 6 
E2W438 6 
415A 1098 6 
420A 6 
425A RA1W201° 6 
450A 11010 6 
E3W413 6 
515A 11111 6 
520AR RA1W18922 6 


Input Output Weight 
Amps. Volts Ma. Lbs. 
1.8 135 30 614 
2.2 180 30 614 
3.3 200 40 61, 
6.3 200 100 61% 
13 200 200 614 
5 250 50 61% 
9 250 100 61% 
6 275 75 6% 
9.7 300 100 614 
15 300 150 Th 
19 300 200 9 
10 350 100 6% 
15 350 150 Th 
22 350 200 91 
13 400 100 Th 
14.2 400 125 9% 
20 400 150 Th, 
25 400 200 CWA 
30 400 295 9% 
33 400 250 91, 
15 500 100 peat x 
24 500 150 9% 
33 500 200 _ 





1 [nput current 4.6 amp.; wt. 45/g Ibs. 
2Wt. 714 Ibs. 

3 Input current 7.5 amp.; wt. 71/ Ibs. 
4 


Wt. 5 Ibs. 
5 Wt. 914 Ibs. 
6 Input current 14 amp.; wt. 534 Ibs. 


7 Wt. 16 Ibs.; input current 18 amp. 

8 Input current 17 amp. 

® Wt. 171% Ibs.; input current 25 amp. 
10 Input current 27.5 amp., wt. 75/g Ibs. 
11 Input current 21.5 amp.; wt. 75/s Ibs. 
12 Input current 27 amp.,; wt. 171 Ibs. 


TABLE IV— GASOLINE ENGINE DRIVEN GENERATORS, AIR-COOLED 


Manufacturer 


Eicor Kato Onan 


3AP6! BD-6! 


Pioneer 


Output Weight Starter 


Lbs. 


100 Push-button 


65 Push-button 


65 Rope crank 


95 Push-button 
71 Push-button 


—_ Rope crank 


Push-button _ 
Push-button 


6AP1 


Push-button 


10AP1 


1 Also available in remote-control models. 
2 Intermittent-duty model. 


gine is used, which will operate for twelve or 
fifteen hours on a gallon of gasoline. 

In higher-powered installations the use of in- 
termediate storage batteries may be dispensed 
with, and a gasoline-driven generator supply- 





Push-button 


Push-button 


Manual 


Manual 


Push-button 


3 Also available in manual-started type. 
4115-volt output; weight 200 Ibs. 


ing 110-volt a.c. directly may be employed. 
Such generators are ordinarily rated at a mini- 
mum of 250 or 300 watts, and cost fifty or sixty 
dollars. They are available up to two kilowatts, 
or big enough to handle the highest-power 
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amateur rig, at a cost of between three and four 
hundred dollars. Most are arranged to charge 
automatically an auxiliary 6- or 12-volt battery 
used in starting. Fitted with self-starters and 
adequate mufilers and filters, they represent a 
high order of performance and efficiency. 
Many of the larger models are liquid cooled, 
and they will operate continuously at full load. 

A variant on the generator idea is the use of 
fan-belt drive. The disadvantage of requiring 
that the automobile must be running through- 
out the operating period has not led to general 
popularity of this idea amongst amateurs, al- 
though in San Francisco and Oakland an ama- 
teur emergency unit relies on it heavily. Such 
generators are similar in construction and 
capacity to the small gas-driven units. 

The home construction of generators of all 
the above types has been successfully at- 
tempted by amateurs at times, although the 
possession of a considerable knowledge of elec- 
tric motor design is essential. One especially 
useful possibility is the rewinding of old auto- 
mobile charging generators, several hundred 
watts capacity being obtainable from the larg- 
est sizes. Those originally used on the old 4- 
cylinder Dodge cars have been successfully 
adapted by amateurs. Trade schools will often 
have their students rewind these generators for 
only the cost of the material, and this possibil- 
ity is worth investigating. (Bib. 3.) 

An example of portable/emergency power 
supply design capable of operation from either 
115-volt a.c. or vibrator-interrupted 6-volt 
storage battery d.c. is shown in Figs. 1801 and 
1802. It is built around a dual-primary trans- 
former. Two power cables are provided, one 
ending in a standard a.c. male plug and the 
other in battery clips. Miniature multiple plugs 
connect these cables to the appropriate pri- 
mary, open or close the vibrator circuit as re- 
quired, and connect the heater circuit either to 
a 6.3-volt winding or to the storage battery. 

A simple hash filter in the form of a choke 
wound of ordinary antenna wire and a fixed con- 
denser minimizes vibrator interference suffi- 
ciently to make break-in operation satisfactory. 

The circuit shows the negative high-voltage 
terminal ungrounded, permitting inclusion of a 
bias or microphone voltage dropping resistor if 
desired. 


@ PORTABLE EQUIPMENT — THE 

‘RECEIVER 

The weakest link in the portable or emer- 
gency communications chain usually is the 
receiver. An inadequate receiver, with poor 
selectivity, low sensitivity and insufficient sta- 
bility, can ruin a QSO even under favorable 
conditions. When it is remembered that condi- 
tions in portable or emergency operation are 
often more severe than those at home, with 
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Fig. 1602 — The dual-primary power supply viewed 
from the bottom. Between the two rectifier tubes is 
mounted the plug-in vibrator. The primary r.f. choke 
can be seen between the two switches. 


poor antenna facilities, high noise levels, severe 
interference, etc., the fallacy of attempting to 
use an inferior portable receiver is apparent. 

The best procedure of all is to use the home 
station receiver for portable work. Headphones 
should be used and the output tube removed 
(if it isn’t necessary for headphone operation), 
but this is no hardship. Headphones are far 
more satisfactory in such applications than the 
speaker in any event. This procedure not only 
ensures the availability of the high-perform- 
ance receiver so vitally necessary, but the prac- 
tice that has been obtained by using the re- 
ceiver at home is invaluable in the specialized 
operating techniques of portable or emergency 
work. It takes as much experience to learn to 
run a receiver properly as it does to drive a car, 
and the middle of a crisis is no time to gain 
that experience. Even on lowered plate voltage 
the home superhet will be better than a make- 
shift. 

If a special portable/emergency receiver is to 
be built, it should be a superheterodyne. With 
present-day tubes and components, it is pos- 
sible to build a simple superheterodyne as 
cheaply as a t.r.f. receiver, and there is no com- 
parison between the two in performance. The 
average communications superheterodyne can 
be operated with storage battery heater supply 


and dry-cell or vibrator-pack ‘‘B” supply. 
With the audio power tubes removed from the 
receiver, the power requirements are not too 
great. Some of the receivers on the amateur 
market have provision at the rear of the set for 
plugging-in a d.c. supply, and those that don’t 
can be easily modified by drilling a socket hole 
at the rear of the receiver and wiring it into the 
set. When regular a.c. operation is used, a 
plug in the socket completes the circuit. 


® PORTABLE EQUIPMENT— THE 
TRANSMITTER 


Owing to the difficulty in securing power for 
emergency, portable and rural transmitters, 
their design will depend almost entirely upon 
the power supply available. Considering pos- 
sible defects in hastily-improvised radiation 
systems, etc., it seems unwise to use less than 
10 watts input to a power amplifier or 15 watts 
to an oscillator. However, powers greater than 
two or three times these values are not usually 
necessary, so selection of the power supply will 
depend almost entirely upon the pocketbook 
and other resources. The 300-volt, 100-ma. 
vibrator supplies and genemotors represent a 
nice compromise unless it is possible to step 
into the 200- or 300-watt gasoline-driven gen- 
erator class. (Bib. 4.) 

Perhaps the best plan in providing for an 
emergency and portable transmitter is to uti- 
lize the basic exciter unit in the regular station. 
This not only ensures the availability of a re- 
liable, efficient unit at all times but means a 
saving in parts and equipment. It represents 
no hardship to the permanent station to con- 
struct the exciter so it is compact, readily re- 
movable, and, above all, solidly and depend- 
ably assembled. If your present exciter is not 
adaptable to this use, plan the new one so it 
will be. Provision for 6-volt tubes throughout 
is essential, with the heater circuit so arranged 
that it can be connected to a storage battery 
without change. A suitable plate supply using 
a vibrator or genemotor or similar system 
should be available separately, arranged for 
ready connection. The best method is to have 
a socket and plug connector assembly, with one 
plug built into the transmitter and another, 
wired identically, connected permanently to 
the emergency supply. 


® ANTENNA SYSTEMS 


It is difficult to specify standard antenna 
systems for emergency or portable applica- 
tions, because in all cases the location is the de- 
termining factor. As with most things, the 
simplest antenna is ordinarily the best. 

One of the simplest systems is the end-fed 
antenna. A single half-wave on the lowest fre- 
quency to be used will radiate plenty of energy, 
providing a good part of its length is well above 
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ground, If it is cut reasonably close to reso- 
nance efficient coupling is assured by connect- 
ing directly to the plate (through a variable 
condenser) or to a supplementary link-coupled 
tuned circuit. 

If a transmission line is essential, it should be 
as well-constructed as possible. The single- 
wire-fed type is ideal if the feed line can be 
brought off the antenna at right angles. The 
tables shown in Chapter Ten for this type of 
antenna should be followed closely. 

A low-impedance two-wire line is excellent if 
the antenna is to be an integral part of the 
portable station, since if it is too long it can 
be coiled up out of the way. Rubber-covered 
lamp cord will make a fair feed line, the slight 
mismatch accounting for only a small loss of 
power. For the meticulous, one of the special 
72-ohm lines can be used. 

The familiar tuned transmission line, of 
either the Zepp or center-fed types, is next in 
preference. It is dependable in performance 
but somewhat more complicated to erect. The 
antenna coupling system should be extremely 
flexible with this type, with tapped coils and 
choice of series and parallel connections to ac- 
commodate any feeder length. 

Emergency antennas may be erected with 
insulation of dry hard wood, glass towel bars, 
porcelain ware, etc., with wire salvaged from 
broken communications (not power!) lines or 
similar sources, If it is impossible to erect reso- 
nant lengths of wire, impedance-matching sys- 
tems such as that shown in Chapter Ten can 
be used. Tuning can be accomplished by plate 
milliammeter, neon bulb, or a flashlight bulb 
in series with the antenna, 

Probably the most straightforward prepara- 
tion for different conditions is to include sev- 
eral lengths of rope with the portable antenna, 
so that a line may be thrown into a tree or 
dropped out of a window. Portable masts can 
be built but involve rather serious construc- 
tional difficulties. 


® REGULATIONS 


The F.C.C. regulations covering amateur 
portable and emergency work should be stud- 
ied thoroughly by every amateur. See Chapter 
Twenty-Two. 
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@ ANTENNA AND FEEDER MATERIALS 
Tue vse of good materials in the an- 
tenna system is just as important as in the 
transmitter or receiver — perhaps more so, 
since the antenna is exposed to wind and 
weather. To keep electrical losses low, it is es- 
sential that the wires composing the antenna 
and feeder system have good conductivity, 
and that the insulators have low dielectric loss 
and low surface leakage, particularly when wet, 
in addition to adequate mechanical strength. 

For short antennas an entirely satisfactory 
conductor is No. 14 gauge hard-drawn enam- 
elled copper wire. For long antennas and di- 
rective arrays No. 14 or No. 12 enamelled 
copper-clad steel wire should be used to pre- 
vent stretching, insofar as possible. It is best 
to make feeders of ordinary soft-drawn No. 14 
or No. 12 enamelled copper wire, since it will 
be found difficult to make a neat-looking 
feeder with hard-drawn or copper-clad steel 
wire unless it is under considerable tension at 
all times. Every effort should be made to make 
the wires in one piece so that the only joints 
are at the output terminals of the transmitter. 
Where joints cannot be avoided they should be 
carefully soldered. 

In building a resonant two-wire feeder as 
much care should be taken with the quality 
of insulation used in the spacers as is taken 
with the antenna insulators proper. For this 
reason one of the many good ceramic spacers 
available should be used. Wooden dowels 
boiled in paraffin can be used with untuned 
lines, but their use is not recommended for 
tuned lines. The wooden dowels can be at- 
tached to the feeder wires by. drilling small 
holes in them and then binding them to the 
feeders with wire. 

It should be kept in mind that the ends of 
tuned feeders or the ends of the antenna are 
points of maximum voltage. It is at these 
points that the insulation is most important, 
and Pyrex glass, isolantite or steatite insula- 
tors with long leakage paths are recommended. 
Glazed porcelain also is good. Insulators should 
be cleaned once or twice a year, especially 
if they are subjected to much smoke and soot. 


@ SUSPENSIONS 


It is impossible to give more than general 
suggestions for the suspension of the antenna 


since the methods used will vary so widely in 
individual instances. In most cases poles or 
masts are desirable to lift the antenna clear of 
surrounding buildings, but in some locations 
the antenna will be in the clear when strung 
from one chimney to another or from a chim- 
ney to a tree. Small trees are not usually satis- 
factory as points of suspension for the antenna 
on account of their movements in windy 
weather. If the antenna is strung from a point 
near the center of the trunk of a large tree 
this difficulty is not as serious. If the antenna 
must be strung from-one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope 
connected to a counterweight near the ground. 
The counterweight will keep the tension on 
the antenna wire practically constant, even 
when the branches sway and when the rope 
tightens and stretches under varying climatic 
conditions. 
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Fi, ig. 1701 — Details of a 40-foot mast suitable for 
erection in locations where space is limited. 
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e°A”-FRAME MAST 

A very simple and inexpensive mast is shown 
in Fig. 1701. This design is very popular and 
is satisfactory for heights up to 35 or 40 feet. 
In addition to the 2 X 2 lumber, the only 
materials required are five 14” carriage bolts 
514” long (with washers), a few spikes, about 
300 ft. No. 12 galvanized iron wire and several 
small strain insulators. These should be used 
about every 10 or 12 feet to break the guy 
wires into sections. Clear, sound lumber 
should be selected. The mast may be protected 
by two or three coats of house paint or, prefer- 
ably, aluminum paint. 

If the mast is to stand on the ground, a 
couple of stakes should be driven to keep the 
bottom from slipping. The mast may be 
“walked up” by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it, from the roof, 
keeping it vertical. The whole assembly is 
light enough for two men to perform the com- 
plete operation — lifting the mast, carrying it 
to its permanent berth and fastening the guys 
— with the mast vertical all the while. It is 
therefore entirely practicable to put up this 
kind of mast on a small flat area of roof. 

By using 2 X 3 or 2 X 4 lumber of suitable 
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Fig. 1702 — A simple and sturdy mast for heights in 
the vicinity of 40 feet, pivoted at the base for easy 
erection. The height can be extended to 50 feet or more 
by using 2 x 4’s instead of 2 x 3’s. 
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length, the height of such a mast may be ex- 
tended up to about 50 feet. The 2 X 2 is too 
flexible to be satisfactory at such heights. 


@®SIMPLE MAST 


The mast shown in Fig. 1702 is relatively 
strong, easy to construct, and costs very little. 
Like the ‘‘A”’ frame, it is suitable for heights of 
the order of 40 feet. It is easily dismantled 
in case it has to be moved. 

The top section is a single 2 X 3, bolted at 
the bottom between a pair of 2 < 3’s with an 
overlap of about 2 feet. The lower section thus 
has two legs spaced the width of the narrow 
side of a 2 X 8. At the ground, the two pieces 
are bolted to a 2X4 which is set in the 
ground. Ashortlength of 2 X 3isset between 
the two legs about half way up the bottom 
section to maintain the spacing. Four 4% X 6 
carriage bolts are needed, along with washers; 
this length is sufficient since the ‘2 X 3’s” 
actually are about 134 X 2% inches. All pieces 
of lumber are set so that the long axis faces the 
antenna direction. 

It will be sufficient to guy the mast as 
shown in the drawing. The two back guys at 
the top pull against the antenna, while the 
three lower guys prevent any buckling at the 
center of the pole. The two sets of back guys 
may be anchored at the same point. For a 
height of about 40 feet, the guys should be 
anchored 15 feet or more from the bottom of 
the pole. 

The length of 2 <4 which is set in the 
ground should be placed so that it faces the 
proper direction, and should be made vertical 
by lining it up with a plumb bob. The holes for 
the bolts should be drilled beforehand. The 
lower section is then laid on the ground so that 
bolt A can be slipped in place through the 
three pieces of wood and tightened just enough 
so that the section can turn freely on the bolt. 
Then the top section is bolted in place and the 
mast pushed up, using a ladder or another 20- 
foot 2 X 3 for the job. As the mast goes up the 
slack in the guys can be taken up so that the 
whole structure is in some measure continually 
supported. When the mast is vertical bolt B is 
slipped in place and both A and B tightened. 
The lower guys can next be given a final tight- 
ening, leaving those at the top a little slack 
until the antenna is pulled up, when they can 
be adjusted to pull the top section into line 
with the bottom. 

The 2 X 4 should extend at least 3 feet into 
the ground, and should set solidly. Concrete is 
not necessary, but it will help to pack rocks in 
the hole to provide some bracing. The pole 
will stand without guying when the two bottom 
bolts are in, which does away with the necessity 
for having a helper on each guy while the mast 
is being raised. 
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@ T-SECTION MAST 

A type of mast construction suitable for 
heights up to about 80 feet is shown in Fig. 
1703. The mast is built up by butting 2 X 4 or 
2 X 6 timbers edgewise against a second 2 X 4, 
as shown at A, with alternating joints in the 
edgewise and flatwise sections as shown at B. 
The construction can be carried out to greater 
lengths than shown simply by continuing the 
20-foot sections. It will be noted that one or 
both ends must end with a 10-foot section on 
either the edgewise or flat timbers. Longer or 
shorter sections may be used if more con- 
venient. en es ak 

The method of making the joints is shown at 
C. Quarter-inch or 3{¢ inch iron, 114 to 2 inches 
wide, is reeommended for the straps, with half- 
inch bolts to hold the pieces together. In addi- 
tion, a bolt should be run through the pieces 
midway between joints to provide additional 
rigidity. 

Although there are many ways in which such 
a mast can be secured at the base, the ‘‘cradle”’ 
illustrated at D has many advantages. Heavy 
timbers set firmly in the ground, just far enough 
apart so that the base of the mast will pass 
through them, hold a large carriage bolt or steel 
bar which servesi as:a bearing. This passes 
through a hole in the mast so that the latter is 
pivoted at the bottom. As the mast swings up- 
ward in an are while being raised, the bottom 
is free to pivot on the bearing. 

The job of raising the mast can be simplified, 
when a bottom bearing of this nature is used, 
because half of the guys can be put in place and 
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Fig. 1703 — T-section mast made from overlapping 2 
x 4’s or 2 x 6's. 
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tightened up before the mast leaves the ground, 
Four sets of guys should be used, one in front, 
one directly in the rear, and two on each side at 
right angles to the direction in which the 
mast will face. Since the base position is fixed 
by the bearing, all the side guys can be put in 
place, anchored and tightened while the mast 
is lying on the ground. Thus there is no danger 
of sidesway or bending while the mast is going 
up, and a smaller crew can do the job. A set of 
guys should be used at each of the joints in the 
edgewise sections, the guy wires being wrapped 
around the pole rather than fastened to bolts 
or passed through holes in the pole, as either 
of the latter two methods tend to weaken the 
joint. 

For heights up to 50 feet, 2 < 4’s may be 
used throughout. For greater heights it is 
advisable to use 2 X 6’s for the edgewise sec- 
tions, although 2 X 4’s will be satisfactory 
for the flat sections. 


eGUYS AND GUY ANCHORS 


For poles up to about 50 feet, No. 12iron wire 
makes a satisfactory guy (No. 12 in this wire is 
considerably heavier than in copper). A heavier 
size, or stranded cable, can be used for taller 
poles or poles installed in locations where the 
wind velocity is high. 
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Fig. 1704 — Pipe guy anchors. One will be sufficient 
for small masts, but the two installed as shown will 
provide additional strength for larger poles. 


Guy wires should be broken up by strain in- 
sulators to avoid the possibility of their be- 
coming resonant at the transmitting frequency. 
Common practice is to insert an insulator near 
the top of each guy within a few feet of the 
pole and then make each section of guy wire, 
between insulators, a length which will not be 
resonant in any amateur band to be used, 
either on its fundamental or harmonics, An 
insulator every 25 feet will be satisfactory for 
all bands up to and including the 28-Mc. band. 
The insulators should be of the “‘egg’”’ type, 
with the insulating material under compression 
so that if the insulator breaks the guy will not 
come down. The No. 500 size is suitable for 
ordinary guy-wire sizes. 

Guy wires may be anchored in a variety of 
ways. Simplest of all is to anchor the wires to a 
tree or building, when they happen to be in 
convenient spots. For small poles a 6-foot 






Fig. 1705 — A — Anchor- 
ing feeders to take strain from 
feed-through insulators or 
window glass. B— Going 
through a full-length screen. 
The cleat is fastened to frame 
of screen on inside of screen. 
Clearance holes are cut in the So Heavy 
cleat and also in the screen. TEU EYES. 
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length of pipe (about 1l-inch diameter) driven 
into the ground at an angle, with the bottom 
of the pipe pointing to the base of the pole, will 
suffice. Additional bracing can be provided by 
using two pipes as shown in Fig. 1704. 


@®HALYARDS AND PULLEYS 


A free-running pulley and a long-lived hal- 
yard are definite assets to an antenna system. 
Common clothesline rope will be strong enough 
for small antennas, but does not stand the 
weather too well and should be renewed fairly 
frequently. Sashcord is better, but still not 
weather resistant. A satisfactory halyard is 34- 
or 44-inch waterproofed manila rope, the larger 
size being needed only to hold long stretches of 
wire. 

Ordinary rope or cord can be waterproofed 
by soaking it a day or two in automobile top- 
dressing. 

It will pay to purchase good-quality pulleys. 
A good grade of galvanized iron pulley will be 
satisfactory in locations where the atmosphere 
is free from salt, but at seashore locations a 
pulley intended for marine use should be used. 
One of the best types is a hardwood block with 
bronze roller-bearing shaft,- which will stand 
up well and resist corrosion under adverse 
conditions. 


@ BRINGING THE ANTENNA OR TRANS- 
MISSION LINE INTO THE STATION 


In bringing the antenna or transmission line 
into the station, the line should first be an- 
chored to the outside wall of the building, as 
shown in Fig. 1705, to remove strain from 
lead-in insulators. When permissible, holes cut 
directly through the walls of the building and 
fitted with feed-through insulators of suitable 
size are undoubtedly the best means of bring- 
ing the line into the station. The holes should 
have plenty of air clearance about the con- 
ducting rod, especially when tuned lines, which 
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develop high voltages, are employed. Probably 
the best place to go through the walls, from 
the standpoint of appearance, is the trimming 
board at the top or bottom of a window frame 
which provides flat surfaces for tightening lead- 
in insulators. Cement or rubber gaskets may 
be used to water-proof the exposed joints. 

Where such a procedure is not permissible, 
the window itself usually offers the best oppor- 
tunity. One satisfactory method is to drill 
holes in the glass near the top of the upper sash. 
If the glass which is to be drilled is replaced by 
plate glass, a stronger job will result. Plate 
glass may be obtained reasonably from auto- 
mobile junk yards and may be drilled before 
placing in the frame. The glass itself provides 
the necessary insulation and the transmission 
line may be fastened to bolts fitting the holes. 
Rubber gaskets cut from inner tube will render 
the holes water-proof. The lower sash should 
be provided with stops at a suitable height to 
prevent damage when it is raised. If the window 
is fitted with a full-length screen, the scheme 
shown in Fig. 1705-B may be used. 

In a less permanent method, the window is 
raised from the bottom or lowered from the 
top to permit the insertion of a board three or 
four inches wide which carries the feed-through 
insulators. This arrangement may be made 
weatherproof by making an overlapping joint 
between the board and window sash, as shown 
in Fig. 1706, and covering the opening between 
upper and lower sashes with a sheet of soft 
rubber cut from an inner tube. 


@ LIGHTNING PROTECTION 


An ungrounded radio antenna, particularly 
one large and well elevated, is a lightning 
hazard. When grounded, it provides a measure 
of protection. Therefore, grounding switches 
or lightning arresters should be provided. Ex- 
amples of construction of low-loss arresters are 
shown in Fig. 1707. At A, the arrester elec- 
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trodes are mounted by means of stand-off in- 
sulators on a fireproof asbestos board. At B, 
the electrodes are enclosed in a standard steel 
outlet box. In each case, the gaps should be 
made as small as possible without danger of 


Fig. 1706 — Antenna 
lead-in panel. It may be 
placed over the top sash or 
under the lower sash of 
window. The overlapping 
joint makes it weather- 
proof. 





break-down during transmitter op- 
eration. Lightning systems require 
the best ground connection obtain- 
able. 

The most positive method is to ground the 
antenna system when it is not in use; grounded 
flexible wires provided with spring clips for 
making connection to the feeder wires may 
be used. The ground lead preferably should be 
short and if possible should run directly to a 
good ground (such as a driven pipe or water 
pipe where it enters the ground) outside the 
building. 


Feeder or 
Feeders \ 






Feeders 


a al 
e 
eg - 








FRONT 


Fig. 1707 — Low-loss lightning arresters for trans- 
mitter installations. 
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e@ ROTARY BEAM CONSTRUCTION 
Many amateurs mount the simpler types of 
directive antennas in such a way that the 
antenna can be rotated to shift the direction of 
the beam at will. Obviously the use of such 
rotary antennas is limited to the higher fre- 
quencies if a structure of practicable size is to 
be used. For this reason the majority of rotary 
beam antennas are constructed for 14 Mc. and 
higher frequencies. The problems in rotary 
beam construction are those of providing a 
suitable mechanical support for the antenna 
elements, furnishing a means of rotation, and 
attaching the transmission line so that it does 
not interfere with the rotation of the system. 
The antenna elements are usually made of 
metal tubing so they will be at least partially 
self-supporting, thus simplifying the rotating 
structure. The large diameter of the conductor 







Y ) 


Fig. 1708 — Easily-built supporting structure for 
horizontal rotary beams. Made chiefly of 1 x 2’s, the 
structure is strong yet light-weight. Antenna elements 
are supported on stand-off insulators on the “E” arms. 
The length of the “D” sections will depend upon the 
element spacing. 


is also beneficial in reducing resistance, which 
is an important consideration when close- 
spaced elements are used. 

When the elements are horizontal it is 
necessary to make a supporting structure, 
usually of light but strong wood. Dural tubes 
often are used for the elements, and thin- 
walled corrugated steel tubes with copper 
coating also are available for this purpose. 
The elements frequently are constructed of 
sections of telescoping tubing, making length 
adjustments quite easy. Electricians’ thin- 
walled conduit also is a suitable material for 
rotary-beam elements. 

An easily-constructed supporting frame for a 
horizontal rotary beam is shown in Fig. 1708. 
It may be made of 1 X 2 lumber, preferably 
oak for the center sections, with white pine or 
cypress for the outer arms. The self-supporting 





Fig. 1709—One form of rotating mechanism. A 
bicycle sprocket and chain turn the pole which supports 
the beam antenna. Feeder connections from the an- 
tenna are brought to the metal rings, which slide 
against spring contacts mounted on the large stand- 


offs on the short pole. 
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tubing antenna elements are intended to be 
mounted on stand-off insulators on the arms 
marked EZ. The square block at the center (A) 
may be fastened to the pole by any convenient 
means. The dimensions of such a structure will, 
of course, depend upon the type of antenna 
system used. It is particularly well suited to a 
half-wave antenna with a single director or re- 
flector on 14 Mc., or a three-element beam on 
28 Mc. For 56 Me. the dimensions may be 
reduced proportionally. (Bib. 1.) 

Various means of rotation and of making 
contact to the transmission line have been 
devised. One method is shown in Fig. 1709. In 
this case the supporting pole is rotated by a 
chain and sprocket arrangement, with the 
base of the pole resting on a bearing. Feeders 
are brought down the pole from the antenna 
to a pair of wire rings, against which sliding 
contacts press. (Bib. 2.) 

Parts from junked automobiles often pro- 
vide gear trains and bearings for rotating the 
antenna. Rear axles, in particular, can readily 
be adapted to the purpose. Some amateurs use 
motor-driven rotating mechanisms which, al- 
though complicating the construction, simplify 
remote control of the antenna. More or less 
elaborate indicating devices to show, in the 
operating room, the direction in which the 
antenna is pointed, often are used with motor- 
driven beams. 

The full benefit of a rotating directive an- 
tenna is realized when the system is unidirec- 
tional, since such an antenna offers the maxi- 
mum possibility of reducing interference and 
noise in reception. A unidirectional antenna 
also reduces interference to other stations not 
along the line of transmission. Bidirectional 
systems, while somewhat less advantageous 
from this standpoint, are, however, somewhat 
easier to build mechanically, because it is only 
necessary to rotate the antenna through 180 
degrees rather than 360. Feeder contact is not 
so difficult in such a case. When the antenna is 
designed for 360-degree rotation, it is prefer- 
able to have the feeders arranged so that con- 
tinuous rotation is possible, rather than to 
have a stop at some point on the circle. This 
avoids the necessity for retracing almost the 
whole circle when it is desired to move the an- 
tenna the few degrees from one side of the stop 
to the other. 

Fig. 1710 shows a mechanical arrangement 
suitable for vertical elements. The antenna, 


Fig. 1710 — A practical vertical-element ro- 
tatable array for 28 Mc. Nospecial feeder-contact 
mechanism is needed, since the driven antenna 
is fixed. The reflector and director, parasitically 
excited, rotate around it. Close-spaced elements 
may be used if desired. 
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which is a vertical section of metal tubing, is 
fixed in position and is provided with a director 
and reflector which rotate about it. The ad- 
vantage of this arrangement is that no provi- 
sion need be made for special contacts between 
the antenna and the feeder system, since the 
position of the antenna is fixed. A rope and 
pulley arrangement provides rotation from the 
operating room, so that when a signal is picked 
up the antenna can be rotated rapidly to the 
position which gives maximum response. It is 
then also pointing in the proper direction 
for transmission to the same station. The 
antenna system shown can be varied in de- 
tails, of course; for instance, close spacing 
might be used between the parasitic elements 
and the antenna to give somewhat greater 
gain. (Bib. 3.) 


eU.H.F. ANTENNAS 

Although antennas for ultra-high frequen- 
cies are constructed on exactly the same prin- 
ciples as those for the lower frequencies (Chap- 
ter 10), the smaller dimensions make possible 
structural arrangements which would be un- 
wieldy, if not impossible, on lower frequencies. 
The extended double Zepp, when used verti- 
cally, is particularly easy to mount, the ele- 
ments being made of quarter-inch copper or 
dural rod or tubing and fastened to the side of 
a pole by means of stand-off insulators. Two 
arrangements are shown schematically in Fig. 
1711, and a practical installation is pictured 
in Fig. 1712. The open-wire feeder is better if 
the line is long, since the losses will be lower 
than with twisted pair. (Bib. 4.) 

A simple application of the end-fire principle 
is shown in Fig. 1713. Two lengths of copper 
tubing are bent to form a “‘pitchfork” a half- 
wavelength long (down to the bend) and with 
a quarter- to an eighth-wavelength separation. 
If the pole can be made to rotate 180°, full 


advantage can be taken of the directivity of.- 
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Fig. 1712 — A 56-Mce. extended double Zepp antenna 


Dimensions are given in Fig. 1711. 


the system. A tuned feeder may be used if the 
length is not more than one or two wave- 
lengths; for greater lengths an untuned line and 
a matching stub are desirable. (Bib. 5.) 
Combination arrays, described in Chapter 
10, give good gains and are not too difficult to 
construct. Practical applications are shown in 
Figs. 1714 and 1715. The elements can be of 
wire or copper tubing, and the assembly can 
be simply wires hung from a rope stretched 
between two supports or it can take the form 
of a more permanent structure, as shown in the 
photographs. 


Fig. 1711 — Two methods of feeding 
an “extended double Zepp” type of col- 
linear array. The dimensions given are 
for the 56-Mc.. band, and should be 
halved for 112 Mc. The 450-ohm line can 
be made of No. 12 wire spaced 2 inches. 
The stub should be adjusted until there 
is a minimum of change in the final tank 
circuit tuning when the line is coupled to 
the transmitter. 





Fig. 1713—A simple form of 
end-fire array as used at W2JCR. 
The two copper-tubing elements 
are curved in and run down the 
pole to form part of the feed line. 


®MOBILE ANTENNAS 


For mobile work on ultra- 
high frequencies a rod or 
“whip” antenna is frequent- 
ly used, generally mounted 
vertically from one or a pair 
of stand-off or feed-through 
insulators fastened to the car 
body. If possible, the an- 
tenna should be a half wave- 
length long, since this length 
will give best low-angle ra- 
diation of any of the simple 
antennas. A quarter-wave an- 
tenna, working against the 
metal car body as a counter- 
poise or ‘‘ground,”’ can be used 
but is not as efficient a radi- 
ator as the half-wave anten- 
na. The antenna should be 
placed as high on the car as 
circumstances permit. 

It is advantageous to mount the antenna 
near the transmitter so that the feeder will be 
short. This will obviate the necessity for special 

















Fig. 1714 — The 112-Me. array at W2CUZ uses two 
collinear sets of three broadside driven elements, backed 
by parasitic reflectors. This type of construction allows 
rotation of the system. 





eee (me 


feeder systems, such as concentric lines, which 
are highly desirable if the antenna is at one 
end of the car and the transmitter at the other. 
A quarter-wave tuned line is a suitable feeder, 
using appropriate tuning methods. When used 
with an end-fed half-wave antenna, the feeder 
end not connected to the antenna may either 
be left open or grounded to the car body. 








Fig. 1715 — A 56-Me. 8-element antenna having two 
broadside sets of collinear elements backed by para- 
sitic reflectors. This antenna, at W1AZ, is built to 
withstand any kind of weather. 
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THE PROPER OPERATION Of all but the 
very simplest of transmitters and receivers 
calls for the use of measuring instruments of 
various types. While the amateur station can 
be operated successfully with nothing more 
than a means for checking transmitter power 
input and frequency — and modulation, in the 
case of a ’phone transmitter — the progressive 
amateur is interested in instruments and 
measurements as an aid to better performance. 
The measure of the perfection of an amateur 
station, once a satisfactory transmitter and 
receiver have been provided, is the extent and 
utility of the auxiliary measuring and checking 
apparatus provided. 

Fundamentally, the process of measurement 
is that of comparing a quantity with a refer- 
ence standard. Measuring equipment divides 
into two types: (1) fixed standards giving a 
reference point of known accuracy, with asso- 
ciated equipment for making comparisons, and 
(2) direct-reading instruments or meters cali- 
brated in terms of the quantity being measured. 

Methods of making the measurements re- 
quired in the amateur station will be discussed 
in this chapter and representative instruments 
used in making these measurements will be 
described. 


® FREQUENCY MEASUREMENT 


Dependable frequency-measuring equip- 
ment is desirable in the amateur station for 
several closely-related purposes: 


To insure that the transmitter is operated in 
the desired frequency band; 

To set the transmitter to a desired frequency 
(if a self-controlled oscillator is used); 

To determine the frequency of a received sta- 
tion, or to calibrate the receiver; 

To determine the harmonic at which a fre- 
quency multiplier stage operates; 

To determine the harmonic output of the 
transmitter. 


Sec. 12.135 of the FCC Regulations states: 
The licensee of an amateur station shall provide for 


measurement of the transmitter frequency and establish 
procedure for checking it regularly. The measurement of the 
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transmitter frequency shall be made by means independent 
of the frequency control of the transmitter and shall be of 
sufficient accuracy to assure operation within the frequency 
band used. 


In the absence of more elaborate frequency- 
measuring equipment, the receiver (with an- 
tenna disconnected) may be used to indicate 
the approximate transmitter frequency. Some 
idea of band limits can be obtained by listen- 
ing to other amateur stations, noting where 
amateur activity stops at each end of the band. 

If operation near a band edge is contem- 
plated, however, it is necessary to calibrate the 
receiver dial precisely in terms of frequency if 
it is not already so calibrated. If the receiver is 
well made and has good inherent stability, a 
band-spread dial calibration can be relied on to 
within perhaps 0.2 per cent. Some manufac- 
tured models having factory calibration may 
be used to even closer limits. If the signal is too 


WWV SCHEDULES 


All U. S. frequency calibration is based on 
the standard frequency transmissions from 
the National Bureau of Standards standard 
frequency station WWYV. It is on the air con- 
tinuously, day and night, on a frequency of 5 
Mc., modulated by a standard musical pitch 
of 440 cycles per second, corresponding to A 
above middle C. In addition there is a pulse 
every second, heard as a faint tick when listen- 
ing to the 440 cycles. The pulse lasts 0.005 sec- 
ond, and provides an accurate time interval 
for purposes of physical measurements. 

The 440-cycle tone is interrupted every five 
minutes for one minute to give the station 
announcement and provide an interval for 
checking of measurements. The announce- 
ment is the call letters (WWV) in telegraphic 
code. 

The accuracy of the 5-Mc. frequency and of 
the 440-cycle standard pitch is better than a 
part in 10,000,000. The l-minute, 4-minute, 
and 5-minute intervals marked by the begin- 
ning and ending of the announcement periods 
are accurate to a part in 10,000,000. The begin- 
nings of the announcement periods mark ac- 
curately the hour and the successive 5-minute 
periods; this adjustment is within a small 
fraction of a second. 
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Fig. 1801 — Simple absorption frequency meter, with 
link-coupled flashlight bulb as resonance indicator. The 
dial plate is mounted on an insulating disc which also 
serves as a handle. Coil forms are cut down close to the 
windings to facilitate close coupling. 


strong and blocks the receiver, the transmitter 
frequency may be checked by listening to the 
oscillator, with power amplifier turned off. 
Absorption frequency meters — The sim- 
plest type of frequency meter consists of a coil 
and condenser, tunable over the frequency 


Z| &F 


LINE 


Fig. 1802 — The simple absorption frequency meter 
circuit at left is used chiefly in transmitter checking, 
with link line-coupling to the circuit being checked. 
Circuit at right has bulb indicator loosely coupled to 
tuned circuit, giving sharper resonance point. 

B — 1.4-volt 50-ma. dial light. 

C — 150-uyfd. variable (Cardwell MR-150-BS). 

L— Coils covering high-frequency spectrum with 
overlapping ranges, wound on 11}4-inch dia. forms. 


No. of | Length of 





Freq. Range Wire Size Turns Winding Link} 
1.1-3.5 Mc. No. 28 e. 8134 1K" 17t. 
2.5-8.0 Mc. No. 24t. 3734 154” 11 t. 
4.5-14 Me. No. 20 t. 1734 ly” 6t. 
7.5-25 Me. No. 16 t. 834 14” 4t. 


The above coils are available in commercial form, 
completely wound (Hammarlund SWK-4). 


22-70 Me. No. 16 t. 234 al 2t. 
40-120 Me. No. 16 t. 34 -— at 


1 Closewound, No. 30 d.s.c., 14-inch from bottom 
end of primary winding. 


range desired (Fig. 1801-02). A frequency 
meter of this type, when tuned to the frequency 
of the transmitter and loosely coupled to the 
tank coil, will extract a small amount of energy 
from the tank. The energy thus extracted can 
be used to light a small flashlight lamp. Maxi- 
mum current will flow in the lamp when the 





Fig. 1803 — A sensitive absorption frequency meter 
with a crystal detector rectifier and d.c. milliammeter 
indicating circuit. Individual calibration charts mounted 
directly on each coil form make the meter direct-reading. 
The toggle switch places a 10-ma. shunt across the 0-1 
ma. meter; this range is used for preliminary readings, 
to avoid burning out meter or crystal. The meter gives 
satisfactory indications several feet from a low-power 
oscillator. 


frequency meter is tuned exactly to the trans- 
mitter frequency, hence the brightness of the 
lamp indicates resonance. A more accurate in- 
dication may be obtained by substitution of a 
thermo-galvanometer or vacuum-tube volt- 
meter for the lamp. A crystal detector can also 
be used as the indicator (Fig. 1803-04). 

Although this type of frequency meter is not 
well adapted to precise measurement of fre- 
quency, it is useful for checking (1) the funda- 
mental frequency of an oscillating circuit, (2) 
presence and order of amplitude of harmonies, 
(3) frequency of parasitic oscillations, (4) neu- 
tralization of an amplifier, (5) field strength on 
a qualitative basis, (6) presence of r.f. in unde- 
sired places such as power wiring, or any other 
application where detection of a small amount 
of r.f. and measurement of its frequency pro- 
vides useful information. 

Calibration of the absorption frequency 
meter is most easily accomplished with a re- 
ceiver of the regenerative type to which the 
coil in the meter can be coupled. With the de- 


‘tector oscillating weakly, the frequency meter 
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Fig. 1804 — Circuit diagram of the indicating fre- 
quency meter. 
Ci — 140-nyfd. variable (Hammarlund HFA-140-A). 
Cz — 0.001-pzfd. mica. 
D — Fixed crystal detector (Philmore). 
Li, Le — Same as in Fig. 1802*. 
M — 0.1 d.c. milliammeter (Triplett Model 321). 
Ri — 3-ohm shunt; see general data on meter shunts. 
S— S.p.s.t. toggle switch. 

Crystal polarity must be determined by experiment; if 
meter reads backwards, reverse crystal connections. 

* Since the impedance of individual crystal detectors 
varies, experiment with number of turns on Le is neces- 
sary for maximum current indication. 


should be brought near the detector coil and 
tuned over its range until a setting is found 
which causes the detector to stop oscillating. 
The coupling between meter and receiver 


Fig. 1805— One end of a typical 
Lecher wire system, showing turn- 
buckles for maintaining tension. The 
shorting bar is of brass with a sharp 
edge for better contact and precise in- 
dication; the slider keeps it at right 
angles to wire. A horizontal strip of 
bakelite at the back keeps the wires 
tight against the bar. A transparent 
celluloid centimeter rule is cemented to 
the front of the slider. The beam is 
marked off in decimeter (10 cm.) units. 
The sum of the reading of the slider and 
the lowest adjacent numeral on the 
beam gives the wavelength to the near- 
est millimeter. 


should then be loosened until the stoppage of 
oscillations occurs at only one spot on the 
meter tuning dial. The meter is then tuned to 
the frequency at which the receiver is set. If 
the receiver is set on several stations of known 
frequency, a number of points for a calibration 
curve can be obtained for each coil. 

The same method may be used with a super- 
heterodyne receiver, but it is necessary to re- 
member that the oscillator frequency differs 
from the signal frequency by the intermediate 
frequency. For instance, if the receiver dial 
reads 6500 ke. and the receiver i.f. is 456, the 


Bulb 


oscillator frequency will be 6956 ke., which is 
the frequency which should be marked on the 
meter calibration scale. It is necessary to know 
whether the oscillator is on the high or low side 
of the incoming signal; in most receivers the 
high side is used throughout, but some re-- 
ceivers shift to the low side on the high-fre- 
quency ranges. 

If the oscillator coils in the receiver are not 
accessible, the frequency meter may be ¢ca- 
pacity coupled through a few turns of insulated 
wire wrapped around the frequency-meter coil 
with one end of the wire placed near the stator 
plates of the oscillator condenser. ; 

For transmitter frequency checking, a flash- 
light lamp or other indicator is not entirely 
necessary, since resonance will be indicated by 
a change in the plate current of the stage being 
checked as the meter is tuned through reso- 
nance. However, for locating parasitic oscilla- 
tions, determining the relative amplitude of 
harmonics, checking neutralization, locating 





stray r.f. fields, etc., a sensitive indicator is 
indispensable, 

The inherent errors in the absorption-type 
frequency meter ordinarily limit its useful ac- 
curacy to about 1%. 

Lecher wires — At ultrahigh frequencies it is 
possible to determine frequency by actually 
measuring the length of the waves generated. 
The measurement is made by observing stand- 
ing waves on a two-wire transmission line or 
Lecher-wire system. Such a line shows pro- 
nounced resonance effects, and it is possible to 
determine quite accurately the current loops 
(points of maximum current) as shown in Fig. 
1806. The distance between two consecutive 
current loops is equal to one-half wavelength. 
Thus the wavelength can be read off directly in 
meters (inches x 39:37 if a yardstick is used) or 
centimeters for the very short wavelengths. 


Fig. 1806 — Lecher wire system for measuring 
wavelength at u.h.f. Typical standing-wave 
distribution is shown, with positions of the 
shorting bar at current loops indicated. The 
distance ““X”* equals a half wavelength. 
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The line should be at least ‘a wavelength long 
at the lowest frequency to be measured and en- 
tirely air-insulated except where it is sup- 
ported at the ends. The wires may be stretched 
tightly between any two convenient supports, 
using a spacing of 1 to 114 inches. The posi- 
tions of the current loops are found by means 
of a ‘‘shorting bar”’ which is slid along the line 
to vary its effective length (Fig. 1805). 

Resonance indications may be obtained in 
several ways. A convenient and fairly sensitive 
indicator can be made by soldering the ends of 
a one-turn loop of wire to a flashlight bulb, 
then coupling the loop to the tank coil until the 
bulb glows moderately brightly. A similar 
coupling loop should be connected to the ends 
of the Lecher wires and brought near the tank 
coil. Then the shorting bar should be slid along 
the wires outward from the transmitter until 
the lamp shows a sharp loss in brightness. This 
point should be marked and the shorting bar 
moved out until a second dip is obtained. The 
distance between the two points will be equal 
to half the wavelength. If the measurement is 
made in inches, the frequency will be 


ie 5906 
length (inches) 

If the length is measured in meters 

EY 150 
length (meters) 


Pe. 


Fue. 


In checking a superregenerative receiver, the 
Lecher wires may be similarly coupled to the 
receiver coil. As the bar is slid along the wires 
a spot will be found where the receiver goes out 
of oscillation. The distance between two such 
spots is equal to a half wavelength. 

Lecher wire measurements may easily be 
made to an accuracy of 1% or better. If suffi- 
cient care is used, measurements accurate to 
0.1% at 112 Me. are possible, representing a 
linear distance of about 1 millimeter. This is 
accomplished by loosening the coupling for the 
final adjustment until indications are just dis- 
cernible. It is helpful to use a highly sensitive 
indicator; the crystal-detector absorption fre- 
quency meter previously described will enable 
closer measurements when used as a resonance 
indicator than the flashlight bulb, for example. 

Heterodyne frequency meters — For more 
accurate measurement of transmitter fre- 
quency, a heterodyne frequency meter should 
be used. This is a small oscillator with a precise 
frequency calibration covering the lowest fre- 
quency band used, completely shielded. It 
must be so designed and constructed that it 
can be accurately calibrated and will retain its 
calibration over long periods of time. 

The signal from this oscillator (or a har- 
monic thereof) is fed into a receiver or simple 
detector together with the signal to be meas- 





Fig. 1807— An electron-coupled heterodyne fre- 
quency meter with harmonic amplifier and voltage 
regulator. The direct-reading dial has been calibrated 
for every 10-ke. point from 1750 to 1900 ke. Lines pass- 
ing through these calibration points are intersected by 
ten sub-division lines. Diagonal lines connecting the 
ends of adjacent 10-ke. lines, in conjunction with the 
sub-divisions, enable reading the scale accurately to 
1 ke. or better. 


ured, and the two frequencies are heterodyned. 
When the frequency meter oscillator is tuned 
to zero beat with the signal, its frequency or 
the harmonic multiple is the same as the 
unknown. 

The oscillator used in the frequency meter 
must be very stable. Mechanical considera- 
tions are most important in its construction. 
No matter how good the instrument may be 
electrically, its accuracy cannot be depended 
upon if it is flimsily built. Inherent frequency 
stability can be improved by avoiding the use 
of phenolic compounds and plastics (bakelite, 
polystyrene, etc.) in the oscillator circuit, 
employing only high-grade ceramics for insula- 
tion. Plug-in coils or switches are not ordinarily 
used; instead, a solidly-built and firmly- 
mounted tuned circuit is permanently in- 
stalled and the oscillator panel and chassis 
reinforced for rigidity. 

To obtain high accuracy the frequency meter 
must have a dial that can be read precisely to 
at least one part in 500; ordinary dials such as 
are used for transmitters and inexpensive re- 
ceivers are not capable of such precision with- 
out the addition of vernier scales. Select a dial 
which has fine lines for division marks, and 
which preferably has an indicator close to the 
dial scale so that the readings will not appear 
different because of parallax when the dial 
is viewed from different angles. 

A stable oscillator circuit suitable for use in 
the frequency meter is the electron-coupled 
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Fig. 1808 — E.c. frequency meter circuit diagram. 


Ci — 350-upfd. zero temp. coefficient (Centralab 816Z).* 

C2— 40-uyfd. negative temp. coefficient (Centralab 
913N)*. 

C3 — 100-pnpfd. midget (Hammarlund MC-100-S). 

C4 — 50-uyfd. trimmer (Hammarlund APC-50). 

Cs — 100-pyfd. silver-mica (C-D 5R-5T1). 

Ce, Cs — 0.005-ufd. mica. 

C7, Co, Cio — 0.002-ufd. mica. 

Cu — 25-pfd. 25-volt electrolytic. 

Ciz — 0.01-pfd. 400-volt paper. 

Ci3 — 0.5-yfd. 400-volt paper. 

Ci4 — Dual 8-pfd. 450-volt electrolytic. 

Ri, Re — 1 megohm, 14-watt. 

R3 — 20,000 ohms, 14-watt. 


Ra — 150 ohms, }4-watt. 

Rs — 5000 ohms, 1-watt. 

Re — 50,000 ohms, 2-watt. 

Rz — 3500-ohm 10-watt wirewound. 

Rg — 2500-ohm 5-watt wirewound. 

Li — 60 turns No. 24 d.c.c. closewound on 114-in. dia. 
steatite form (National XR-16), cathode tap 
17 turns from ground end. 

Le—10-henry 40-ma. filter choke (Thordarson T- 
13C27). 

RFC —- turns No. 28 e. closewound on 9/16-in. dia. 
orm. 

T — 300-volt 50-ma. power transformer with 6.3-volt 
fil. winding (Thordarson T-70R20). 


* C; and C2 may be combined in one 400-yufd. silver-mica condenser, if desired. 


circuit (§ 4-2). The oscillation frequency is 
practically independent of moderate variations 
in supply voltages, provided the plate and 
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screen voltages are properly proportioned. It 
is possible to take output from the plate with 
but negligible effect on the frequency of the 
oscillator. A third feature is that strong har- 
monics are generated in the plate circuit so 
that the meter is useful over a number of fre- 
quency bands. A typical electron-coupled 
frequency meter is shown in Figs. 1807-1809. 

When the frequency meter is first turned on 
some little time is required for the tube to reach 
its final operating temperature; during this 
period the frequency of oscillation will drift 
slightly. Although the drift will not amount to 
more than two or three kilocycles on the 
3500-ke. band and proportionate amounts on 
the other bands, it is desirable to allow the fre- 
quency meter to “‘warm up”’ for about a half 
hour before calibrating, or before making 


Fig. 1809 — Rear view of the electron-coupled hetero- 
dyne frequency meter. The 7 x 7 x 2-inch chassis is sup- 
ported by two brackets for rigidity. It is raised suffi- 
ciently to accommodate the height of the coil shield 
underneath; this also enables mounting the tuning con- 
denser directly on the chassis. The voltage-divider ree 
eee mounted on the side to keep heat away from 
the coil. 
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Fig. 1811 — Wiring diagram of the 50-, 100- and 
1000-ke. frequency standard. 
Ci — 100-uufd. midget variable (Hammarlund HF-100). 
Ce — 250-upfd. mica. 
Cs, C4 — 0.02-nfd. 400-volt paper. 
Cs — 500-pnufd. mica. 





Ce — 0.001-ufd. mica. 
C7 — 0.002-ufd. mica. 


Ace COR 50 Ke: Cs — 50-uufd. mica. 
Co, Cio — 8-nfd. 450-volt electro- 
Cg C7343 ytic. 
Ri, Re — 50,000 ohms, 1-watt. 
Rs, Ra — 0.1 megohm, 1-watt. 
RFC — 2.5-mh. r.f. choke. 
B, L, Si —3-position, 2-cireuit switch 
(Mallory 3223J). 
Lo Se — S.p.s.t. toggle switch. 
= = Li— 100 turns No. 34 d.c.c. 


close-wound on 9/16-inch 
form. Cathode tap at 30th turn from ground. 
Lz — 2.5-mh. r.f. choke. Cathode tap between first and 
second pie from ground. 
L3 — 2.5-mh. r.f. choke at right angles to La. 
La — 2.5-mh. r.f. choke. Cathode tap between second 
and third pie. 


Note — Because of manufacturing tolerances in r.f. chokes and condensers, additional capacity may be required 
on the 50- and 100-ke. ranges. If Ci does not tune to required frequency in calibration, add 100 pufd. to Ce or C7 as 
required. If additional output is desired, decrease Ri to 25,000 ohms. The single-wire power cord eliminates danger 
from shock with the grounded chassis connected to one side of line; the plug must be correctly inserted or the tube 


will not light. A ground connection is essential. 


measurements in which the utmost accuracy is 
desired. Better still, the frequency meter can 
be left on permanently. The power consump- 
tion is negligible, and the long-time stability 
will be vastly improved. 

Although some frequency drift is unavoid- 
able, it can be minimized by the use of voltage 





Fig. 1810 — A 50-, 100- and 1000-ke. electron-coupled 
frequency standard, using a dual-purpose 117L7GT tube 
‘that serves both as rectifier and oscillator, complete 
with transformerless power supply in a 3 x 4 x 5-in. 
metal box. The controls are: main tuning dial, power 
switch and frequency selector switch. 


regulator tubes in the power supply and low- 
drift silvered-mica or zero temperature-coefi- 
cient fixed condensers in the tuned circuit. A 
small negative temperature-coefficient capacity 
can be included to compensate for residual drift. 

Calibration of the frequency meter is readily 
accomplished if a low-frequency standard 
(discussed later in this chapter) is available, the 
required calibration points being supplied by 
harmonics from the standard. The frequency 
meter is tuned to zero-beat with these har- 
monies, using either a built-in detector or the 
station receiver to combine the two signals to 
provide an audible beat. When a sufficient 
number of points have been established, they 
may be marked on graph paper and a calibra- 
tion curve drawn. For maximum convenience, 
a direct-reading dial scale can be constructed. 

If no frequency standard is available, cali- 
bration points may be obtained from other 
sources of known frequency, such as the trans- 
mitter crystal oscillator, harmonics of local 
broadcasting stations, or even checks by other 
amateurs on the air. As many such points as 
possible should be secured, so that inaccuracies 
will average out. 

In use, the signal from the frequency meter 
can be fed into the receiver by connecting a 
wire from the plate of the oscillator through a 
very small capacity to the input of the re- 
ceiver. The signal to be measured is then tuned 
in in the usual way and the frequency meter 
adjusted to zero-beat. 

For convenience in checking the frequency 
of the transmitter or other local oscillators 
which generate sufficiently strong signals, it is 
desirable to incorporate a detector in the fre- 
quency meter which will combine the signals 
and deliver the audio beat-note output to 
headphones or a visual zero-beat indicator. A 
frequency converter tube such as the 6L7 or 
6SA7 is especially suited for this purpose. 
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Fig. 1812 — Inside the e.c. frequency standard. Care- 
ful planning is necessary to get all parts in without 
crowding inductances. Fine wire is used for r.f. connec- 
tions to minimize vibration effects. The polystyrene 
bushing at left is the output connection. 


With a stable oscillator, a precision dial and 
frequent and careful calibration, an overall ac- 
curacy of 0.05 to 0.1% may be expected of the 
heterodyne frequency meter. The pringipal 
limiting factors are the precision with which 
the calibrated dial can be read and the ‘‘re- 
set”’ stability of the tuned circuit. 

Frequency standards — To make more pre- 
cise frequency measurements, particularly of 
amateur-band limits, a secondary frequency 
standard is required. This is a highly stable 
low-frequency oscillator, usually operated at 
50 or 100 ke., the harmonics of which are used 
to provide reference points every 50 or 100 ke. 
throughout the spectrum. Since all amateur 
band edges fall at multiples of these frequen- 
cies, it is possible to establish band limits with 
extreme accuracy. A 1000-kc. frequency is 
often added to facilitate preliminary identifica- 
tion of frequency ranges, especially on u.h.f. 
Such units are shown in Figs. 1811-1815. 

A standard of this type is inherently more 
accurate than a heterodyne frequency meter 
because (a) the low-frequency oscillator has 
better inherent stability and (b) the frequency 
setting once made is not thereafter changed, 
eliminating the re-set and calibration errors. 

For highest accuracy in frequency measure- 
ment and calibration, the most suitable instru- 
ment for amateur work is a precision crystal- 
controlled secondary standard, provided with a 
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multivibrator (§ 3-7) for frequency division 
(Figs. 1816-17). Such a standard can be con- 
structed at reasonable cost, and will mark 
10-ke. intervals throughout the communica- 
tions spectrum. The frequency of a signal can 
then be checked by noting its location with 
respect to two adjacent 10-ke. points on the 
dial of a calibrated receiver or heterodyne fre- 
quency meter and estimating the exact fre- 
quency by interpolation. 

Although ordinary amateur practice does 
not require greater accuracy than is possible 
with this method except at band edges, even 
more precise measurements can be made by 
the use of an interpolation oscillator. This is a 
calibrated audio oscillator used in the same 
manner as a heterodyne frequency meter; it is 
set at zero beat with the beat-note resulting: 
from the combination of the unknown signal 
frequency with the nearest 10-kce. multi- 
vibrator harmonic. For example, if the ‘‘un- 
known” frequency is 3514 ke., it will produce a 
4000-cycle beat with the 3510-kc. harmonic. 
When the audio oscillator is set at 4000 cycles 
it will zero-beat with this beat-note. Thus the 
frequency can be read direct from the dial of 
the a.f. oscillator to within a few cycles. 

In the adjustment of the frequency standard 
at least a 15-minute warm-up period should be 
allowed. For initial adjustment, couple its out- 





Fig. 1813— A 100-1000-ke. crystal-controlled fre- 
quency standard. The special X-cut crystal oscillates at 
either of two frequencies, determined by its thickness 
(1000 ke.) and length (100 ke.). Either is selected by a 
switch which connects in a tuned circuit resonant at the 
desired frequency. A parallel trimmer across the crystal 
permits adjusting the frequency to precisely 100 ke. 
(provided natural crystal frequency is on the high side). 
No adjustment is possible on 1000 ke., the maximum 
error being about 0.05%. Output is taken through the 
insulated bushing at left rear. 
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Fig. 1814 — Dual-frequency crystal standard circuit 
diagram. 


Ci — 35-yyfd. midget variable (Hammarlund HF-35). 
Cz — 100-uyfd. mica trimmer (Hammarlund CTS-85). 
Cs, Ca, Cs — 0.1-nfd. 400-volt paper. 

Ce — 0.001-pfd. midget mica. 

Ri — 5 megohms, -watt. 

Re — 500 ohms, 14-watt. 

R3 — 25,000 ohms, 1-watt. 

Ra — 0.25 megohm, 14-watt. 

Li — 8-mh. r.f. choke (Meissner 19-2078). 

Le — 2.5-mh. r.f. choke (all but one pie removed). 

Si — D.p.d.t. toggle switch. 

Se — S.p.s.t. toggle switch. 

Crystal — Bliley SMC-100. 


put into a receiver tuned to the broadcast band 
and adjust the oscillator to zero beat with a 
broadcasting station operating on a multiple of 
100 ke. (800 ke., 900 ke., 1000 ke., etc.) If the 
oscillator is self-excited, a second station 
100-ke. away should be checked, to make sure 
the oscillator is working on 50 or 100 ke. rather 
than another frequency which gives an odd 
harmonic. Since broadcasting stations are re- 
quired to stay within 20 cycles of assigned fre- 
quency, the maximum error of such a source 
will be less than 30 parts in one million. 





For ultimate accuracy, however, the stand- 
ard should be calibrated on the WWV standard 
frequency transmissions, which are accurate to 
better than 1 part in 10 million. These trans- 
missions may be tuned in on a receiver oper- 
ating on 5 Me. (receiver beat oscillator off) and 
the standard adjusted until its harmonic is 
exactly at zero-beat with WWV. The calibra- 
tion should be rechecked whenever precise 
measurements are to be made. 

In adjustment of the multivibrator, two ad- 
jacent 100-ke. points are first noted on the dial 
of a calibrated receiver. The multivibrator is 
then turned on, and its frequency control (Rgin 
Fig. 1817) set at half scale. Count the number 





Fig. 1815 — Interior of the 100-1000 ke. standard. 
The crystal is mounted at top center, above the socket. 
(If crystal does not oscillate on 1000 kc. when mounted 
in horizontal position, try other positions.) Trimmer for 
1000-ke. plate circuit can be seen at lower right, next to 
crystal trimmer; 8-mh. choke for 100-ke. is at left. The 
1000-ke. inductance is mounted vertically in center. 


Fig. 1816 — Secondary frequency 
standard, incorporating a 100-kc. low- 
drift crystal oscillator, 10-ke. multivibra- 
tor and harmonic amplifier-modulator. 
The vernier dial is used for precise setting 
of crystal frequency. Controls along the 
bottom are, left to right: output tuning, 
Cia; on-off switch, Si; “B” switch, S2; 
multivibrator switch, S3; and multivi- 
brator control, Rs. Power transformer, 
rectifier and regulator tubes are along the 
rear edge of the 7 X12 inch chassis. 
The crystal oscillator is at the right, 
multivibrator tube in the center, and 
output circuit at the left. The output 
circuit is tuned to the band in use, with 
output taken either through C17 or a link 
winding. The crystal frequency can be 
adjusted to precisely 100 ke. by the ver- 
nier dial and Ci. Switching the multi- 
vibrator on or off causes a frequency 
change of less than 1 part in a million. 
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Fig. 1817 — Circuit diagram of the precision 100-ke. frequency standard. 


Ci — Dual 365-pufd. variable, com- 
pact broadcast type (Meiss- 
ner 21-5214). 

Ce, Cz — 0.01-ufd. 400-volt paper. M-30 

C4, Cs — 0.001-ufd. midget mica. 

Ce, Cz — 10-uufd. midget mica. 

Cs — 50-upfd. midget mica. 

Co, Cio, Cur, Ci2 — 0.1-ufd. 400-volt 
paper. 

Ciz3 — 0.002-ufd. midget mica. 

Cus — 140-uzfd. variable (Hammar- 
lund HF-140). 

Lz — 550-1200 ke. — 130 turns No. 30 enameled. 

1200-3300 ke. — 70 turns No. 22 enameled. 

7500-3300 ke. — 22 turns No. 22 enameled, length 1 
inch. 


15-6.8 Mc. — 11 turns No. 22 enameled, length 1 inch. 


lytic. 


Cis, Cis — 8-pfd. 450-volt electro- 
Ciz — aay trimmer (National 


Ri — 1 megohm, 4-watt. 

Re, R3 — 0.5 megohm, 1-watt. 
Ra, Rs — 50,000 ohms, 1-watt. 
Re, R7 — 20,000 ohms, 14-watt. 
Rs — 15,000-ohm potentiometer. 
Ro — 0.3 megohm, 4-watt. 

Rio — 0.1 megohm, 14-watt. 


Ri — 800 ohms, 14-watt. 

Riz — 25,000 ohms, 1-watt. 

Riz — 50,000 ohms, 1-watt. 

Ria — 1500 ohms, 10-watt. 

RFC — 2.5 mh. r.f. choke. 

Si, Sz, Ss — S.p.s.t. toggle. 

T; — Power transformer, 250 v. 
d.c. at 40 ma. (Thordarson 
T-13R11). 

Li — 7-henry, 40-ma. filter choke 
(Thordarson T-13C26). 

32-13.5 Mc. — 5 turns No. 22 enameled, length 1 inch. 

56 Mc. —2 or 3 spaced turns on l-inch form, or air 
wound. Adjust for optimum output. 

All except 56-Mc. coil wound on 1}4-inch forms. 

Output links may be adjusted to give desired signal 
strength in receiver. 


The crystal is a Bliley SOC-100 (oscillator coil in same mounting). 
For checking 1000-ke. points, a 150 microhenry coil (No. 30 d.c.c. on 114-inch form) may be substituted for the 
crystal unit, connected between points X—X in the diagram. With Ci near maximum, circuit will tune to 1000 ke. 


of separate audio beats between the two marked 
100 ke. points. If it is a number other than nine 
(indicating 10 ke. intervals), readjust Rg until 
nine beats are observed. Mark this point. Note 
also the points on the Rg scale where 8 and 10 
beats occur, indicating approximately 11 and 9 
ke. separation. The odd frequencies are occa- 
sionally useful in checking frequencies very 
close to the 10-kc. harmonics where the low 
beat-frequency makes it difficult to secure 
zero-beat, particularly when an interpolation 
oscillator is used. Mathematical calculation is 
required to determine the exact frequency. 

Frequency measurement methods — Fig. 
1818 shows four representative combinations 
of frequency-measuring equipment as used in 
amateur stations. The frequency meter (with 
built-in detector) used alone as at (1) is the 
simplest arrangement for checking the fre- 
quency of local oscillators. Substituting the 
station receiver for the built-in detector as at 
(2) will enable measurement of incoming re- 
ceived signals, as well. 
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For more precise determination of band 
edges, a 100-kce. standard may be used in con- 
junction with the heterodyne frequency meter 
as at (3), with or without a 10-ke. multivibra- 
tor. The standard is used to provide accurate 
check points on the frequency meter scale. 
With sufficient band-spread and a linear 
(straight-line-frequency) scale, an overall ac- 
curacy of 0.01% (100 parts in a million) can 
be attained. Alternatively, of course, the station 
receiver if adequately calibrated may be sub- 
stituted for the frequency meter. 

The arrangement of (4) gives maximum pre- 
cision in measuring exact frequencies. The 
interpolation audio oscillator should have a 
linear frequency scale from 0 to 5000 cycles (as 
opposed to the logarithmic scale commonly 
used in laboratory oscillators). A beat-fre- 
quency oscillator with high-frequency oscilla- 
tors and a straight-line-capacity variable-oscil- 
lator tuning condenser can be made to have 
such a scale. Resistance-capacity oscillators 
can also be made with linear scales. By this 
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Fig. 1818 — Frequency measurement methods. 


method, ARRL Official Observers measure 
frequencies to better than 10 partsin a million. 

In addition to the headphones shown as 
zero-beat indicators in the diagram, some form 
of auxiliary visual zero-beat indicator is de- 
sirable. This can be a rectifier-type a.f. volt- 
meter with copper-oxide or diode rectifier, a 
neon tube “‘flasher,” or a ‘‘magic eye” tube 
(§ 7-13) with its triode connected as an ampli- 
fier. The headphones are required for pre- 
liminary adjustments since the visual indica~- 
tor usually responds only to frequencies under 
about 25 cycles. 

Measurement of audio frequencies is best 
accomplished by the use of a cathode-ray oscil- 


loscope, comparing the oscillator frequency 
with a known source such as 60-cycle a.c. by 
means of Lissajou’s figures (§ 3-9). Where this 
is not possible, the audio frequency can be 
converted to sound and measured by aural 
comparison with a properly-tuned piano, re- 
membering that middle C is 256 cycles and 


+ + 
Multiplier 


Shunt + 


Fig. 1819 — How voltmeter multipliers and milliam- 
meter shunts are connected. 


each octave above or below doubles or halves 
the frequency. Intermediate points can be ob- 
tained by multiplying each successive half- 
note above C in any octave by 1.05946 (e.g, if 
Cis 1, C# equals 1.05946, D equals 1.1225, etc.). 


® MEASUREMENT OF CURRENT, 
VOLTAGE AND POWER 


D.c. instruments— Instruments for measur- 
ing direct current are based on the d’Arsonval 
moving-coil principle, comprising an indicating 
pointer moving across a calibrated scale, 
actuated by the flow of current through a 
coil located in a constant magnetic field. 

Ammeters and voltmeters are basically iden- 
tical instruments, the difference being in the 
method of connection. An ammeter is con- 





Fig. 1820 — An inexpensive multi-range volt-ohm- 
mmilliammeter housed in a standard 3x4x5-in. metal box. 
A bakelite panel is used. Ranges are marked with num- 
ber dies, the impressions being filled with white ink. 
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nected in series with the circuit and measures 
the current flow. A voltmeter is a milliammeter 
(ammeter reading one-thousandth of an am- 
pere) which measures the current through a 
high resistance connected across the source to 
be measured; its calibration is in terms of 
voltage drop in the resistance, or multiplier. 

The ranges of both voltmeters and ammeters 
can be extended by the use of external resistors, 
connected in series with the instrument in the 
case of a voltmeter or in shunt in the case of an 
ammeter. Fig. 1819 shows at (A) the manner in 
which a shunt is connected to extend the range 
of an ammeter and at (B) the connection of a 
voltmeter multiplier. 

To calculate the value of a shunt or multi- 
plier, it is necessary to know the resistance of 
the meter. If itis desired to extend the range of 
a voltmeter, the value of resistance which must 
be added in series is given by the formula: 


R = Rn (nm —1) 


- where & is the multiplier resistance, R,, the 
resistance of the voltmeter, and n the scale 
multiplication factor. For example, if the range 
of a 10-volt meter is to be extended to 1000 
volts, n is equal to 1000/10 or 100. 

If a milliammeter is to be used as a volt- 
meter, the value of series resistance can be 
found by Ohm’s law (§ 2-6) 


1000 # 


R= T 


where £ is the desired full-scale voltage and J 
the full-scale current reading of the instrument 
in milliamperes. 

To increase the current range of a milliam- 
meter, the resistance of the shunt can be found 


from the formula: 
Rin 
7= n—1 


where R,, is the meter resistance as before. 
Homemade milliammeter shunts can be con- 

structed from any of the various special kinds 

of resistance wire, or from ordinary copper 


Rs 
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magnet wire if no resistance wire is available. 
The Copper Wire Table in Chapter 20 gives 
the resistance per 1000 feet of the various sizes 
of copper wire. After computing the resistance 
required, determine the smallest wire size that 
will carry the full-scale current (at 250 circular 
mils per ampere). Measure off enough wire 
(pulled tight but not stretched) to provide the 
required resistance. Accuracy can be checked 
by causing a current to flow through the meter 
making it read full-scale without the shunt; 
connecting the shunt should then give the cor- 
rect reading based on the new full-scale range. 

Precision wire-wound resistors used as volt- 
meter multipliers cannot readily be made by 
the amateur, because of the much higher re- 
sistance required (as high as several megohms). 
As a substitute, standard metallized fixed 
resistors can be used for economy. High- 
voltage multipliers should be made up of sev- 
eral resistors in series; this not only increases 
the total voltage breakdown but tends to aver- 
age out errors in the individual resistors due to 
manufacturing tolerances. 

A portable combination milliammeter-volt- 
meter having several ranges is extremely useful 
for experimental purposes and for trouble- 
shooting in receivers and transmitters. As a 
voltmeter such an instrument should have high 
resistance so that very little current will be 
drawn in making voltage measurements. A 
low-resistance voltmeter will give inaccurate 
readings when connected across a_ high-re- 
sistance circuit. A resistance of 1000 ohms per 
volt is satisfactory for most uses; a 0-1 mil- 
liammeter or 0-500 microammeter (0-0.5 ma.) 
is the basis of most multi-range meters of this 
type. Microammeters having a sensitivity of 
0-50 ya., giving a voltmeter resistance of 
20,000 ohms per volt, are found in units avail- 
able at reasonable cost. Multipliers for the 
various ranges are selected by a rotary switch. 

The various current ranges on a multi-range 
instrument are also obtained by using a num- 
ber of shunts individually switched in parallel 
with the meter. Particular care should be taken 
to minimize contact resistance. 


O EXT. BAT. 
HI-OHM 


Fig. 1821 — Circuit of low-cost V-O-M. 

Ri — 2000-ohm wire-wound variable. 

Rez — 3000 ohms, }4-watt. 

Rg — 100-ma. shunt, 0.33 ohms (see text). 

0 * eects R4 — 10-ma. shunt, 3.6 ohms (see text). 

ain Rs — 40,000 ohms, 14-watt. 

Re — 4 mtegohme, 4-watt (four 1-megohm 
1-watt resistors in series). 

R7— 0.75 megohm, l-watt (0.5 megohm 
and 0.25 megohm 14-watt in series). 

Rs — 0.2 megohm, 14-watt. 

Ro — 40,000 ohms, 14-watt. 

Rio — 10,000 aoe Y4-watt. 

SW —9-point 2-pole awiteh 
Yaxley 3109). 

B— 4.5 volts ‘(hares 5360). 


O+ S000v. 
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Fig. 1822— Instrument scale for the inexpensive 
volt-ohm-milliammeter. It can be cut out and pasted 
over the existing scale of a Triplett No. 221 0-1 ma. 
milliammeter or any equivalent 2-inch meter having 33 
ohms internal resistance. Calibration should be checked 
with a standard of moderate accuracy after assembly, to 
allow for variations in individual meters, inaccuracies in 
multipliers, resistance of test leads, paper shrinkage, etc. 


When d.c. voltage and current are accurately 
known, the power can be stated by simple ap- 
plication of Ohm’s law: P = EI (§ 2-6). Thus 
the voltmeter and ammeter are also the instru- 
ments used in measuring d.c. power. 

A.c. instruments — D.c. meters will not 
function on alternating current, and it is there- 
fore necessary either to rectify the a.c. and 
measure the resulting d.c. or use special instru- 
ments that will indicate on a.c. 

A.c. ammeters and voltmeters utilize the 
moving iron-vane principle. Since the maxi- 
mum sensitivity is 15 to 25 ma., making the 
ohms-per-volt 40 to 67, iron-vane voltmeters 
consume substantial power. Thus they are 
suitable for measuring filament and line 
voltages, but cannot be used in circuits which 
are unable to sustain a measuring load. Moving 
iron-vane meters are not accurate above a few 
hundred cycles. 

For measurements where iron-vane meters 
are not suitable, special devices enabling the 
use of d.c. movements are employed. The most 
common of these for the power and audio fre- 
quency range is the full-wave copper-oxide 
rectifier, which converts a low-resistance 0-1 
d.c. milliammeter into a _ high-resistance 
0-0.909 a.c. milliammeter, making possible the 
construction of a.c. voltmeters having a sensi- 
tivity of 1000 ohms per volt and an accuracy of 
about 5%. The design of multipliers for such a 
voltmeter must allow for the fact that the rec- 
tifier resistance varies with current. Two scales 
are usually provided, one for use above 50 
volts and one below. The frequency error is ap- 
proximately 0.5% per 1000 cycles. 

A.c. power measurements are more complex 
than for d.c., the simple multiplication of cur- 
rent and voltage being in error unless the load 


is purely resistive. If the current and a.c. im- 
pedance are known, the power is /?Z. For or- 
dinary amateur power calculations, such as the 
input to a power transformer, the product of 
a.c. voltage and current can be considered 
sufficiently accurate. 

Rf. instruments— The measurement of 
very high-frequency a.c. or r.f. quantities in- 
volves special problems. Practical instruments 
read in terms of d.c. from a conversion device. 

R.f. current is usually measured by means of 
a thermoammeter. This is a sensitive d.c. 
microammeter connected to a thermocouple 
associated with a heater made of a short piece 
of resistance wire. Thermoammeters have been 
made with a sensitivity of 1 ma., but the ranges 
used by amateurs for measuring antenna cur- 
rent, etc., are from 0-0.5 amperes up. 

The most suitable r.f. voltmeter is a peak- 
reading vacuum-tube voltmeter (Fig. 1823). 
When properly designed, its accuracy is limited 
at r.f. only by the variation of the input re- 
sistance with frequency. The peak diode volt- 
meter has little error even at 60 Mc. The same 
is true of the self-biased and slide-back types if 
tubes having low input capacity are used. The 
oscilloscope can also be used as an r.f. voltmeter 
for potentials of several volts or more. 

R.f. power measurements can be made by 
measuring the current through a resistor or 
reactance of known value. Approximate power 
measurements may be made by using ordinary 
115-volt light bulbs as a substitution or 
“dummy” load, connected either singly or in 
series-parallel to provide the required re- 
sistance and power rating. The approximate 
resistance of the bulb can be computed from 
its wattage rating at 60 cycles. Special non-in- 
ductive resistance units, enclosed in vacuum 
bulbs mounted on standard tube bases, with 
resistances of 73 and 600 ohms at power rat- 
ings up to 100 watts, are available for this pur- 
pose. For higher power the units may be con- 
nected in series-parallel (§ 4-9). 

Where the substitution load method is im- 
practical, r.f. power can be measured by multi- 
plying the current through a thermoammeter 
in the circuit by the r.f. voltage across the cir- 
cuit as indicated by an r.m.s. meter (or 70.7% 
of the reading on a peak voltmeter). 

Another method of measuring r.f. power is 
the photometric method. A calibrated light- 
sensitive cell (a photographer’s exposure meter 
is suitable) is used to measure the relative 
brilliance of an electric light bulb as a substitu- 
tion load and its normal brilliance on 115-volt 
60-cycle supply. 

Vacuum-tube voltmeters — The most use- 
ful instrument for the measurement of both 
d.c. and a.c. voltages is the vacuum-tube volt- 
meter. Its chief advantages are (a) negligible 
power taken from the circuit under measure- 
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ment and (b) accuracy over a wide frequency 
range including r.f. 

The v.t.v.m. operates by virtue of the 
change in plate current caused by a change in 
grid voltage. In the case of a d.c. v.t.v.m., the 
d.c. voltage represents simply a change in grid 
bias. In the case of a.c., the tube acts as a rec- 
tifier and the measurement is in terms of 
rectified d.c. 

Representative vacuum-tube voltmeter cir- 
cuits are shown in Fig. 1823. The simple diode 
rectifier (A) can be almost any vacuum tube; 
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Fig. 1823 — Vacuum-tube voltmeter circuits. 
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in a triode or multi-grid type, all electrodes 
except the control grid are connected to cath- 
ode (or negative filament). A Type 30 or 1G4G 
tube with a flashlight cell for filament supply 
makes a convenient portable unit. A tube with 
low input capacity (1N5G, 6T7G, 954) should 
be used for high frequencies. The frequency 
range is limited by the tube input capacity 
shunting the load resistance. Calibration is 
linear above 2 or 3 volts provided the load 
resistance exceeds 0.1 megohm. The meter M 
should be a sensitive microammeter (0-100 or 
200 wa.); a O-1 ma. meter can be used with 
reduced sensitivity. 

The peak diode voltmeter at (B), shunt- 
connected to eliminate the need for a d.c. re- 
turn in the measured circuit, reads peak a.c. 
voltage. The input resistance is comparable to 
that of the simple diode for equivalent sensitiv- 
ity, but the high-frequency error is less. The 
time constant of the RC circuit should be atleast 
100 for the lowest frequency to be measured 
(RCF>100). Typical values are 0.5 megohm 
and 0.5 ufd. for audio, and 0.1 megohm and 
0.05 ufd. (mica) for r.f. and i.f. 

The grid rectification circuit shown at (C) 
can be considered equivalent to the diode 
rectifier of (B) followed by a zero-bias triode 
amplifier. The sensitivity is greatly increased 
over the ordinary diode. The input resistance 
is low with small inputs (0.1 to 1.0 megohm) 
because of grid current. The plate current is at 
maximum when idling and decreases with 
signal. This circuit is useful chiefly because it 
can be used with inexpensive meters. The in- 
strument can be calibrated from a known 
60-cycle source; the scale is square-law for 
small signals, becoming linear with increasing 
input. The value of R& is non-critical. C should 
have a reactance small compared with R at the 
operating frequency, i.e., 0.01 ufd. mica from 1 
ke. up, 0.1 pfd. paper for low a.f. For d.c. C is, 
of course, omitted. A high-» tube is preferable, 
to reduce the idling or no-signal plate current. 

The self-biased plate-rectification or reflex 
voltmeter at (D) has a very high input re- 
sistance and fair sensitivity. It is normally 
connected directly across the circuit to be 
measured; if no d.c. return is available, a 
coupling circuit must be added as shown in the 
dotted lines (C — 0.01 »fd, R — 10 megohms 
or more). A low-u tube is preferable, to min- 
imize contact potential and grid current. The 
cathode resistance R, controls sensitivity; the 
higher it is the more nearly linear and stable 
will be the calibration. A range switch can be 
provided, connecting in various values of 
cathode resistance from 2000 ohms to 0.5 
megohm to give full-scale ranges from about 
2.5 to 250 volts. The plate and cathode by- 
passes may be 0.001-ufd mica condensers, the 
cathode being shunted by a 10-yfd. electrolytic 
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for 60-cycle calibration and low a.f. measure- 
ments. 

The no-signal plate current present in the 
circuits of (C) and (D) can be balanced out by 
bridge or bucking circuits, typical forms of 
which are shown at (E). An auxiliary battery 
(or section of the voltage divider, in an a.c. 
power supply) is connected back to the meter 
through a variable resistor, providing a con- 
trollable opposite current flow which can be 
made to equal exactly the residual plate cur- 
rent of the tube. When used with (C), this 
balance circuit allows the meter terminals to 
be reversed, thereby making it read forward 
instead of backward with signal. The resistor 
R should be not less than ten times the internal 
resistance of the meter. 

At the right in (EB) an automatic balancing 
circuit is shown wherein a duplicate triode 
(usually the second section of a twin triode) 
takes the place of the adjustable resistor R. 
Current flow through FR; and Re being equal 
and opposite with no signal, there is no poten- 
tial across the meter and consequently no cur- 
rent flow. When a voltage is placed on the grid 
of the voltmeter triode this balance is dis- 
turbed, however, and the meter registers cur- 
rent flow. A small zero-setting resistor, R3, is 
provided to correct for any discrepancies in 
tubes or resistors. The values of Ri and Re will 
depend on the plate supply voltage available; 
the higher they are, the better the sensitivity 
and stability. The minimum value is several 
times the meter resistance. 

The ‘‘slide-back” voltmeter at (F) is a com- 
parison instrument in which the peak value of 
an a.c. or r.f. voltage is read in terms of a d.c. 
substitution voltage; the voltmeter tube and 
milliammeter, M, merely indicate when the 
two are equal. With the input terminals 
shorted and R, set so that V reads zero, the 
tube is biased nearly to cut-off by adjustment 
of Re. The residual plate current is the refer- 
ence current (Iye.) or ‘‘false zero.”’ If an a.c. 
voltage, EH, is now applied across the input 
terminals, plate rectification of the positive 
peaks will cause the plate current to rise. By 
adjusting Ri, additional bias voltage may be 
introduced to balance out the a.c. voltage. The 
additional bias required to bring the plate 
current back to the reference value (Iyey.) is 
equal to the peak value of the signal being 
measured. In operation R,; should be set (after 
setting J,.7.) so that all of H; is in the circuit, 
to avoid burning out the milliammeter when 
the signal is applied. After the unknown 
voltage has been connected the bias is reduced 
by R, until the reference current is reached. 
The slide-back voltmeter is capable of high ac- 
curacy and has the advantage of requiring no 
a.c. calibration; it is therefore particularly use- 
ful for a temporary set-up. 





Fig. 1824— Oscilloscope using 902 2-inch tube, 
housed in a 5x 10x3-in. chassis with bottom plate. Two 
small feed-through insulators serve as terminals for 
external horizontal- and vertical-sweep connection. 
Note the location of the power transformer not only 
outside the steel shield chassis but also directly behind 
the cathode-ray tube, with the axis of the transformer 
winding along the axis line of the tube. 


Oscilloscopes — Perhaps the most useful of 
all measuring devices is the cathode-ray oscil- 
loscope. Although relatively expensive, its ap- 
plications are so numerous that it can replace 
a number of other less satisfactory types of 
measuring equipment. It can be used on d.c., 
a.c. and r.f., and is particularly suited to a.f. 
and r.f. measurements because of the high input 
resistance and small frequency error. 

The oscilloscope is in effect a complex volt- 
meter capable of measuring any two voltages 
simultaneously by the deflection of a weight- 
less electron-beam pointer. Moreover, because 
this pointer projects its indication on a reten- 
tive luminous screen, the measurements in- 
clude the additional factor of time. It is possi- 
ble therefore to see the actual form of one or 
more repetitive cycles of an a.c. voltage by 
means of the oscilloscope, and to measure 
thereby not only its amplitude but also its fre- 
quency and waveform (§ 3-9). 

A simple cathode-ray oscilloscope is shown 
in Figs. 1824-25. A 902, an inexpensive 2-in. 
cathode-ray tube, is used, mounted with the 
associated reetifier in a cabinet made of astand- 
ard 3x5x10-in. steel chassis with bottom plate. 
The shielding provided by this box is highly 
desirable for prevention of stray-field inter- 
ference in the patterns obtained. 

In building the unit the cathode-ray tube 
must be placed so that the alternating mag- 
netic field from the transformer has no effect 
on the electron beam. The transformer should 
be mounted directly behind the base of the 
tube with the axes of transformer winding and 
tube common. 
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HORIZONTAL VERTICAL 
SWEEP SWEEP 
VOLTAGE VOLTAGE 


If trouble is experienced in getting a pattern 
from a high-power transmitter because of r.f. 
voltage on the 115-volt supply line, two block- 
ing condensers (0.01 or 0.1 »fd.) may be con- 
nected in series across the primary of the 
power transformer in the oscilloscope with the 
common connection grounded to the case. 

It is important that provision be included 
for switching off the electron beam, reducing 
the spot intensity, or swinging the beam to one 
side of the screen with d.c. bias when no signal 
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Fig. 1825 — Circuit of the simple 2-inch 
oscilloscope. 

C — 2-yfd., 900-volt working electrolytic (dual 
4-pfd. 450-volt with sections series- 
connected). 

Ry — 100,000-ohm potentiometer. 

Rez — 50,000 ohms, 1-watt. 

Rs — 200,000 ohms, 2-watt. 

Ra — 100,000-ohm potentiometer (with 
switch). 

RFC — 2.5-mh. 125-ma. r.f. choke (optional; 
for correcting leaning patterns due to 
r.f. coupling). 

SWi — S.p.d.t. toggle switch, 250-volt 1-amp. 

SWe — S.p.s.t. switch (on Ra). 

T — Receiver-type power transformer deliver- 
ing 325-0-325 v. a.c. at 40 ma., 5 volts 
at 3 amp., 6.3 volts at 2 amp. (Thor- 
darson T-13R11). 


voltage is applied. A pattern that is a thin, 
bright line or a small spot of high intensity will 
“burn” the screen of the cathode-ray tube. 

Horizontal sweep voltage can be obtained 
either from an audio-frequency source (such as 
the modulator stage of the transmitter) or 
from the 60-cycle line. Using an a.f. horizontal 
sweep, the pattern appearing on the screen 
will be in the form of a trapezoid or triangle 
(depending on the percentage of modulation) 
when checking transmitter performance. 
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Fig. 1826 — Circuit diagram of complete oscilloscope with sweep circuit and voltage amplifiers. 


C; — 0.1-ufd. 600-volt paper. 

Cz — 0.25-nfd. 600-volt paper. 

Cs — 8-ufd. 500-volt electrolytic. 

C4 — 0.0001-zfd. 400-volt paper. 

Cs — 0.001-nfd. 400-volt paper. 

Ce — 0.005-ufd. 400-volt paper. - 

C7 — 0.025-ufd. 400-volt paper. 

Cs — 0.01-ufd. 400-volt paper. 

Co — S-ufd. 25-volt (electrolytic). 

Cio — 16-pzfd. (8-8 parallel) 500-volt 
electrolytic. 

Ri — 300,000 ohms, 14-watt. 

Re — 25,000 ohms, 1-watt. 


stat. 
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Rs — 50,000 ohms, 1-watt. 

Ra — 75,000 ohms, 1-watt. 

Rs, Re — 30,000 ohms, 1-watt. 

R7, Rs — 1-meg. potentiometer. 
Ro, Rio — 5-meg. 14-watt. 

Rii — 1000 ohms,’ 1-watt. 

Riz — 300,000 ohms, 1-watt. 

Ris — 40,000 chms, 1-watt. 

Ria — 50,000-ohm wire-wound rheo- 


Ris — 6000 ohms, 2-watt. 
Rie — 1500 ohms, 1-watt. 
Riz — 50,000-ohm rheostat. 


Ris — 500,000-ohm potentiometer. 

Rig, Reo — 5-megohm potentiometer. 
Rai — 100,000 ohms, 1-watt. 

Rez — 150,000 ohms, 1-watt. 

R23 — 500,000-ohm potentiometer. 

Rea — 1000 ohms, 14-watt. 

Si, Se, Ss — S.p.s.t. toggle. 

Sa, Ss, Ss — S.p.d.t. toggle. 

Se — 6-contact selector switch. 

S7 — Snap switch mounted on Ris. 
Ii, Le — 25-mh. choke. 

L3 — 30-henry 15 ma. choke. 

Pi, Pe, Ps — Jeweled pilot lamps. 


‘ee and Measuring Equipment 


For actual studies of wave form the use of a 
sweep circuit having a linear time base is neces- 
’ gary (§ 3-9). The sweep circuit proper usually 
employs a grid-controlled gaseous discharge 
tube (the 884 and 885 are especially designed 
for this purpose), operating as a relaxation 
oscillator. In operation, the sweep circuit is 
connected to the horizontal-deflection plates 
of the existing oscilloscope. The voltage under 
observation is connected to the vertical-deflec- 
tion plates, and the resulting picture is an ac- 
curate representation of the wave shape of the 
voltage being examined. 

Since cathode-ray tubes have a sensitivity of 
perhaps 100 volts per inch they are not suitable 
for use with potentials of less than several 
volts. External amplifiers, usually of the re- 
sistance-coupled type to provide high gain 
with wide frequency range and low distortion, 
are therefore required for small voltages. 

An example of a linear sweep circuit and 
wide-range amplifiers applied to a 2-in. cath- 
ode-ray tube is shown in Fig. 1826. The circuit 
elements in the center of the diagram comprise 
the sweep circuit. The 884 generates a saw- 
tooth sweep voltage and the 6J7 acts as a cur- 
rent-limiting tube to ensure linearity. 

The high-gain vertical and horizontal ampli- 
fiers using 6J7’s have inductance compensation 
in the plate circuits to extend their frequency 
range. For r.f. the input is applied directly to 
the deflection plates. 

The panel controls are: intensity control, 
Re; focussing control, 3; horizontal and 
vertical spot positioning controls, R7 and Rs; 
sweep amplitude control, R14; sweep frequency 
vernier, Ry7; synchronization control, Ris; 
direct input controls, Rig and Reo; amplifier 
input controls, Ro. 

Amplifier input and output leads should be 
direct and placed well clear of other com- 
ponents to avoid frequency distortion and 
unwanted pick-up. 
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It is frequently necessary to measure the 
components used in the construction of ama- 
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Fig, 1827 — Ohmmeter circuits. (A) Series ohmmeter 
with series compensation. (B) Series ohmmeter with 
shunt compensation. (C) Shunt ohmmeter for measuring 
low resistances. 
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Fig. 1828 — Reactance-meter circuits for checking 
capacity and inductance values. 


teur equipment — resistors, condensers, coils, 
etc. — both as a means of identification and in 
checking accuracy. The advanced amateur will 
also be interested in measuring impedances and 
the characteristics of devices of his own con- 
struction or under other than rated conditions. 

Resistance — The volt-ammeter, ohmmeter 
and Wheatstone bridge methods are com- 
monly used in measuring resistance. In the 
volt-ammeter method, the resistance is deter- 
mined from Ohm’s Law by measuring the cur- 
rent through the resistor when a known d.c. 
voltage is applied. The resistance can be deter- 
mined with a voltmeter alone if its internal 
resistance is known 


R = Sm — Rm 


where & is the resistance under measurement, 

E is the voltage read on the meter, 

e is the series voltage applied, and 

Rm is the internal resistance of the meter 

(full-scale reading in volts x ohms-per- 
volt). 

The ohmmeter is a practical application of 
this method, with a low-current d.c. voltmeter 
and a source of voltage (usually dry cells), con- 
nected in series with the unknown resistance. 
If the meter reads full-scale with the connect- 
ing leads shorted, insertion of the resistance 
under measurement will cause the reading to 
decrease in proportion to the amount of re- 
sistance inserted. The scale can therefore be 
calibrated in ohms, 

In Fig. 1827-A, the series resistance is ad- 
justed until the milliammeter reads full-scale 
when the test leads are shorted. When the 
meter reading changes as the battery ages, this re- 
sistance is reduced, compensating forthe change. 
In (B) the series resistance is kept constant but 
the sensitivity of the meter is varied to com- 
pensate for the changing voltage. The circuit of 
(C) is useful for measuring resistances below a 
few hundred ohms. The unknown resistance is 
connected as a shunt across the meter, reducing 
the current reading. Values of a fraction of an 
ohm can be read in this way. 

The ratio of resistances which can be meas- 
ured on a single ohmmeter rangeaverages about 
100 to 1, or from one-tenth to ten times the 
center-scale value. 
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Only approximate measurements can be 
made with an ohmmeter. For greater accuracy 
the unknown resistor may be compared with a 
standard resistance of known accuracy by 
means of a Wheatstone bridge (§ 2-11). If 
resistance measurements only are to be made, 
the bridge may be powered by a battery and a 
milliammeter used for the balance indicator. If 
reactances are also to be measured, an a.c. 
source is required (Fig. 1829). 

Capacity and inductance — The capacity of 
condensers and the inductance of coils can be 
measured (a) in terms of their reactances, (b) 
by comparison with a standard, and (c) by 
substitution methods. 

The reactance method is simplest but least 
accurate. The method is similar to the d.c. 
ohmmeter, except that impedance is measured 
instead of resistance. In Fig. 1828, at (A) the 
unknown reactance is placed in series with an 
a.c. rectifier-type voltmeter across the 115-volt 
a.c. line. With a 1000-ohms-per-volt meter, 
capacities can be identified from approximately 
0.001-pfd. to 0.1-ufd. At (B) the reactance is 
connected in series with a 1000-ohm resistance; 
the proportionate voltage drop across this 
resistance indicates the reactance of con- 
densers from 0.1 yufd. to 10 ufd. and induct- 
ances from 0.5 henry to 50 henries, when Q is 
greater than 10. Because the lower end of the 
scale of a rectifier-type meter is somewhat 
crowded, a better reading can be had by using 
the connection at (C) for large reactances. Ap- 
proximate calibrations for each connection 
may be made by checking typical condensers 
and coils of known values and drawing calibra- 
tion curves for the voltmeter in use. 

The reactance method at best gives only 
approximate indications of inductance and 
capacity. For accurate measurements, an a.c. 
bridge must be used. 


70 A.C. Source 





Fig. 1829 — Simple a.c. bridge for measuring resist- 
ance, inductance and capacity. 
Ci — 0.01-nfd. mica. 
C2 — 1.0-ufd. paper. 
R — 10,000-ohm linear wire-wound potentiometer. 
Ri — 100 ohms, wire-wound (1% accuracy). 
R3 — 10,000 ohms, wire-wound (1%). 
Li — 125-millihenry iron-core r.f. choke. 
Lz — 12-henry iron-core choke (Thordarson T-49C91). 
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A simple bridge for the measurement of R, 
C and L is shown in Fig. 1829. Its accuracy 
will depend on the precision of the standards, 
the sensitivity of the detector or balance in- 
dicator, the voltage and frequency of the a.c. 
source, and the ratio of the unknown value to 
the standard. The signal source can be a 1000- 
cycle audio oscillator with low harmonic con- 
tent and the detector a pair of headphones. A 
“‘magic-eye” tube can also be used as a 
detector. 

For maximum accuracy the ratio of the un- 
known to the standard should be kept small, so 
that R is read near the center of its scale. The 
ratio can be as high as 10 to 1 in either direc- 
tion with good accuracy, and an indication can 
be had even at 100 to 1. Additional standards 
can be included for other ranges if desired. 

The potentiometer R must be calibrated as 
accurately as possible in terms of the ratio of 
resistance on either side of its mid-point, which 
may be arbitrarily marked 10. If the potenti- 
ometer is next set’ at 500 ohms, the ratio of 
resistances is 1 to 10 and the scale may be 
marked 1. The corresponding point on the 
other end of the scale is marked 100. Inter- 
mediate points are similarly marked according 
to the resistance ratios. These ratios will then 
correspond with the ratio of the unknown re- 
sistance, inductance or capacity to the stand- 
ard in use, when the bridge has been balanced 
for a null indication on the detector. 

Since direct current flowing through a coil 
changes its inductance, allowance must be 
made for this in measuring choke coils and 
transformers carrying d.c. 

Condensers should be checked for leakage as 
well as capacity. This check must be made 
with the rated d.c. voltage applied, a microam- 
meter being connected in series with the high 
voltage source. The resistance of good paper 
condensers should be above 50 megohms per 
microfarad, that of mica above 100. 

The condition of electrolytic condensers can 
be checked roughly with an ohmmeter. With 
the positive terminal of the condenser con- 
nected to the positive of the ohmmeter bat- 
tery, high-voltage electrolytics should show a 
resistance of 0.5-megohm or so; low-voltage 
cathode by-pass condensers should be over 0.1 
megohm. Electrolytics can also be checked by 
measuring the leakage current when the rated 
d.c. polarizing voltage is applied. It should 
read about 0.1 ma. per ufd. The maximum for 
a useful unit is about 0.5 ma. per ufd. Low 
leakage current also indicates a faulty unit. 
Electrolytic condensers which have lain idle 
on the shelf will show leakage currents as high 
as 2 ma. per pfd. per 100 volts. After ‘‘aging”’ 
for a few minutes at rated d.c. voltage they 
should return to normal, however. 

The measurement of small capacities under 
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0.001 zfd. is not possible with a bridge of the 
type previously described because stray re- 
actances affect the accuracy. A more accurate 
bridge for measurement of small capacities is 
shown in Fig. 1830. It is of the substitution 
type with a calibrated air condenser, Cj, for the 
variable arm. C2 is a fixed reference capacity. 
C3 is used to balance out stray capacity in- 
cluding that of the leads to C,. The bridge is 
first balanced by adjusting C3, with Cy at maxi- 
mum capacity and the leads to C, in place. 
C, is then connected and the bridge again 
balanced by adjusting C;. The difference in 
capacity (AC) of Cy between its new setting 
and its maximum capacity represents the capac- 
ity of C;. 

It is impossible to get a zero null indication 
from the detector unless the resistances as well 
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Fig. 1830 — Substitution-type capacity bridge. 


Ci — 1000-uufd. straight-line-capacity condenser (can 
e dual 500-uufd. with sections in parallel). 

Ce — 900-yyzfd. silver-mica. 

Cg — 100-uufd. variable trimmer. 

Ri, Re — 5000-ohm wire-wound (1%). 

R3 — 1000-ohm wire-wound potentiometer. 


as the capacities of the two condensers being 
compared are equal. f3 is therefore included to 
aid in achieving a resistive balance. Generally 
speaking, Rg will be in the C2 leg when measur- 
ing a mica condenser and in the Cj leg for 
an air condenser. The bridge is brought into 
balance by alternately varying the standard 
capacity C; and equalizing the power factors 
by Rs until zero indication is obtained. 

The bridge can be made direct-reading in 
upfd. by using a dial with 100 divisions and a 
10-division vernier (such as the National 
Type N), installed so that 0 on the dial cor- 
responds to maximum capacity on Cy. Then 
as the capacity of Ci is decreased to compen- 
sate for the addition of Cz, AC is numerically 
equal to the dial reading times 10. The true 
capacity of C; will depart from linearity with 


the dial setting as it nears zero, but the per- 
centage error remains small up to at least 90 
on the dial (Cs, < 900 muyufd). The overall 
accuracy can be made better than 1%. 

L, C and Q measurements at r.f.— The 
low-frequency a.c. bridge method of measur- 
ing inductance is of value only with high- 
inductance coils for use at power and audio 
frequencies. I.f. and r.f. coils must be meas- 
ured at frequencies similar to those at which 
they are used. 

The method commonly employed is to de- 
termine the frequency at which the coil reso- 
nates when connected across a capacity of 
known value. This may be done (a) by con- 
necting the coil-condenser combination in a 
two-terminal oscillator (§3-7) and observing 
the resulting oscillation frequency on a cali- 
brated receiver, or (b) by connecting the coil 
to a calibrated condenser, supplying the cir- 
cuit with r.f. power from a suitable oscillator, 
and tuning the condenser until resonance is 
indicated by maximum indication on a 
vacuum-tube voltmeter (Fig. 1831), With the 
capacity known in wyfd and the resonant fre- 
quency in ke., the apparent inductance of the 
coil in microhenries can be nia 


1=-(™ 160\? 


The apparent inductance thus computed 
is in error, however, in that it also includes 
the distributed capacity of the coil. This 
will be discovered if a similar measurement is 
made at another frequency (for example, the 
harmonic of f;), for it will be found that a 
different value of inductance results. How- 
ever, by combining the two measurements the 
true inductance can be found 


1 1 
8422 fo = Ci — Cz 


when fe is the second harmonic of f1, C; is the 
capacity required to tune to f; and C2 to fe. 

A convenient source of r.f. power for the 
two-frequency method of inductance measure- 
ment is the transmitter exciter unit, provided 
it has good second harmonic output. The oscil- 
lator output and link circuit (shown inside 
dashed lines in Fig. 1831) should either be 
shielded or sufficiently remote from the 
measuring circuit so that the vacuum-tube 
voltmeter shows no indication when there is no 
coil in the circuit. The calibrated condenser 
must, of course, have sufficient capacity to tune 
over a 2-to-1 frequency range. It can be calibra- 
ted by a bridge such as the substitution-type 
capacity bridge of Fig. 1830. 

The resonance method can also be used for 
accurate measurement of capacity. A standard 
coil of suitable inductance must be provided; 
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Fig. 1831 — (A) Circuit used in measuring inductance, 
capacity and Q at r.f. The calibrated variable-frequency 
oscillator should have a tuning range in excess of 2-to-1l. 
(B) Circuit for calibrating the v.t.v.m. for Q measure- 
ments from 60-cycle a.c. Rac is 70.7% of Rac. With the 
switch in position A, Rs is adjusted to give a voltmeter 
deflection near the upper part of its scale; this is the 
peak-deflection reference point. The switch is then 
turned to position B, and the new reading noted. By 
making a number of measurements with different initial 
input levels, a graph can be plotted showing peak and 
70.7% readings for a wide range of inputs. 


the exact value is not important. The standard 
condenser Cj is first tuned to resonance with 
the oscillator frequency. The unknown capac- 
ity, Cz, is then added in parallél and the 
capacity of Cy reduced until the circuit again 
resonates at the oscillator frequency. The 
difference between the two settings (AC) 
represents the capacity of Cz. 

The arrangement of Fig. 1831 is additionally 
useful in that it can be used as a Q meter, 
measuring r.f. resistance and impedance. 

As is shown by Fig. 1832, resistance in a 
tuned circuit broadens the resonance curve. 
By measuring the frequency difference be- 
tween the two points at which the output 
voltage equals 70.7% of the peak voltage 
(where the resistance in the circuit equals its 
reactance), the Q of coils and condensers can 
be computed. 

There are two methods of determining 
these points. One involves the use of a cali- 
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brated variable frequency oscillator to de- 
termine the bandwidth in terms of frequency 
change and the other a calibrated variable 
condenser to measure the capacity change. 
When the calibrated variable oscillator and 
v.t.v.m. are used, the frequency and r.f. 
voltage at resonance are first noted. The 
oscillator frequency is then varied on either 
side of resonance until the v.t.v.m. reads 
70.7% of its initial value. Then Q is equal to 
the frequency divided by the bandwidth, or 


fr 
. Af 
where Af is the difference between the fre- 
quencies f; and fo. 

When the frequency of the oscillator is 
fixed and a calibrated variable condenser is 
used, the capacity at resonance (C,) is noted, 
as well as that on either side at which the 
voltmeter reads 70.7% of maximum. 

Then 
2 C, 


ooo 


The foregoing applies to the measurement 
of the Q of coils. Actually, the figure of Q thus 
derived is not that for the coil alone but for 
the tuned circuit as a whole, including the 
condenser. The Q of the standard condenser 
must therefore be kept high. An efficient air 
condenser with steatite or mycalyx insulation 
is required; it should be operated near maximum 
capacity. Use short, heavy leads and keep the 
stray capacities as low as possible. 

The Q of other air condensers and of mica 
condensers can be determined by first measur- 
ing the Q of the circuit with a standard coil 
in place, then connecting C, in parallel with C 
and again measuring the Q. The Q of the un- 
known condenser is 


i (C1 — C2) Q1 Qe 
5 C1(Q1 — Qe) 


Low-Q mica and paper condensers (Q< 
1000) can be measured by inserting the un- 
known in series with L and C. Qi is measured 


Fig. 1832— Resonant curves of (A) a high-Q 
tuned circuit and (B) a low-Q circuit. 
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with a shorting bar across the unknown; the 
bar is then removed and Qe determined. Then 


0, «at! Qi Q 
* C1 Q1 — C2 Qe 


If Ce is larger than C1, the reactance is in- 
ductive rather than capacitive; i.e., the ‘‘con- 
denser” is actually an inductance at the 
measurement frequency. 

The r.f. resistance, reactance and imped- 
ance of other components can be measured by 
the same methods. If an external r.f. imped- 
ance (such as an antenna or transmission line 
or an r.f. choke) is inserted in a coil-condenser 
circuit, it will both detune the circuit and 
broaden its resonance curve. By observing the 
capacity required to bring the circuit back 
to resonance and measuring the additional 
resistance introduced by re-measuring its Q, 
the reactive and resistive components of the 
external impedance can be computed. 

Using a standard coil and condenser suitable 
for the operating frequency, connect the un- 
known quantity across C; (for high resistances) 
or in series with Z and C (for low resistances), 
and proceed as previously outlined. If Cy must 
be increased to restore resonance, the react- 
ance of the unknown is inductive; if it must 
be decreased, the reactance is capacitive. 


@RECEIVER CHARACTERISTICS 


Measurements in connection with receiving 
equipment come under two heads, (1) overall 
performance and (2) servicing and alignment. 
The measurement of receiver performance 
requires precision laboratory equipment beyond 
the scope of the average amateur. Sufficient 
apparatus for servicing receivers should be 
available in every amateur station, however. 
This may be as little as a multi-range volt-ohm- 
milliammeter, a test-signal source of some des- 
cription, and a few spare tubes. 

For.the alignment of tuned circuits a simple 
test oscillator is required, preferably one that 
can be modulated by a 400-cycle audio 
oscillator. A rectifier-type voltmeter can be 
used for the output meter. 

The frequency meter is a suitable signal 
source for r.f. alignment provided the harmonic 
amplitude on the higher-frequency bands is 
great enough. A harmonic amplifier and output 
attenuator are useful in this application. 

The i.f. test oscillator circuit shown in Fig. 
1833 consists of a simple e.c.o. with plug-in 
coils. The output level is controlled by a po- 
tentiometer so connected as to present a con- 
stant input resistance to the receiver. The 


- oscillator should be shielded so that direct 


pick-up is minimized. It is helpful to make all 
ground returns to a heavy copper strap which 
is connected to the cabinet at only one point — 
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Fig. 1833 — 1.£. test oscillator circuit. 


Ci — 100-upfd. variable with 200-yufd. silver-mica in 
parallel. 

Ce — 100-uufd. midget mica. 

Cz, C4 — 250-uufd. midget mica. 

Cs — 0.005-ufd. mica. 

Ce — 0.1-nfd. 400-volt paper. 

C7 — 500-uyfd. midget mica. 

Ri — 50,000 ohms, 14-watt. 

Rez — 2000 ohms, 14-watt. 

Rz3 — 20,000 ohms, 1-watt. 

R4 — 20,000 ohms, 2-watt. 

Rs — 500-ohm carbon potentiometer. 

L — 440-510 ke.: 140 turns No. 30 enamel close-wound 
on 14-inch plug-in form. Cathode tap 35 turns 
from ground end. 

1400-1550 ke.: 42 turns No. 20 d.s.c., tapped 10 


turns. 
4500-5500 ke.: 11 turns No. 18 e. spaced wire 
diameter, tapped 3 turns. 
RFC; — 2.5-mh. r.f. choke. 
RFCz — 25-mh. r.f. choke. 


the output ground terminal. The plug-in-coil 
should be separately shielded. 

The test oscillator may be suppressor-grid 
modulated by applying approximately 10 volts 
of audio (for 50% modulation), as shown in 
the diagram. The suppressor-grid is biased 
10-volts negative for modulated use; if an 
unmodulated signal is desired, the upper 
terminal can be grounded as indicated. This 
will increase the output from the oscillator. 
Conversely, if the output potentiometer does 
not attenuate the signal sufficiently, additional 
d.c. negative bias can be applied between the 
modulation terminals, : 

Ordinarily there is no requirement, for pre- 
cise calibration of the test oscillator. In if. 
alignment most communications receivers are 
equipped with a crystal filter and the oscillator 
frequency is set to correspond with the crystal 
response. If the receiver contains no,‘crystal 
filter, the oscillator should be set at the design 
if. as closely as its calibration will permit. 

With an unmodulated test signal the out- 
put indicator can be the ‘‘S’’-meter in the 
receiver, a microammeter in the detector or 
a.v.c. circuit, or a vacuum-tube voltmeter. 
It is not advisable to use the receiver beat 
oscillator to generate an audible note for out- 
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put indications. When a modulated test signal 
is used, the output indicator can be a copper- 
oxide rectifier-type voltmeter which reads the 
a.f. voltage across the rated output load re- 
sistance. Power output can be computed as 
previously described. 

The a.f. modulating source for the test 
oscillator can be any audio oscillator capable 
of delivering 10 to 20 volts at the standard 
receiver checking frequency of 400 cycles. 

A useful audio oscillator circuit is shown in 
Fig. 1834. It is a two-terminal or “‘transitron”’ 
oscillator using a pentagrid tube. A frequency 
of approximately 400 cycles is generated with 
the tuned circuit shown at (A). Substituting 
the tuned circuit at (B) provides eleven audio 
frequencies which can be selected by a tap 
switch: (1) 100, (2) 200, (3) 400, (4) 800, (5) 
1000, (6) 2000, (7) 3000, (8) 4000, (9) 5000, 
(10) 7000 and (11) 10,000 cycles. 

A variable frequency oscillator can be made 
by inserting a resistance in the tuned circuit 
as shown at (C). The highest frequency avail- 
able is determined by L and C alone, and will 
correspond to the values in (B). Increasing R 
will decrease the frequency. If R is made 5000 
ohms, a frequency ratio of about 5 to 1 can be 
obtained. A good-quality wire-wound variable 
resistor should be used. If difficulty is had mak- 
ing the tube oscillate over the entire range of 
R, try other values of Ry and C2. 


@ TRANSMITTER CHAR ACTERISTICS 


The transmitter characteristics ordinarily 
requiring measurement are d.c., a.c. and r.f. 
voltages and currents, keying and modulation 
quality, and modulation percentage. Instru- 
ments for the measurement of voltages and 
currents have been discussed. Keying and 
modulation checks may be made by several 
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Fig. 1834 — Audio-frequency 
oscillator circuit. 


Ci — 0.15-ufd. 400-volt paper. 

C2, Cs — 0.1-nfd. 400-volt paper. 

C3 — 0.25-ufd. 200-volt paper. 

Ca, C11 — 0.03-ufd. 400-volt paper. 

Cs, Crs —0.003-pfd. 600-volt 

paper. 

Ce — 2-ufd. 200-volt paper. 

C7 — 0.5-ufd. 200-volt paper. 

Cy — 0.3-ufd. 200-volt paper. 

Cio — 0.05-ufd. 600-volt paper. 

Ciz2 — 0.02-ufd. 600-volt paper. 

Ciz3 — 0.01-ufd. 600-volt paper. 

Ri, Re — 50,000 ohms, 1 watt. 

Rz3 — 50,000-ohm volume control. 

Li — 1.2-henry choke (Thordar- 
son T-14C61 with iron 
core removed). 

Le — 125-mh. iron-core r.f. choke. 

T — Output transformer (inter- 
stage audio transformer, 


1:3 ratio). 
For L, C and R in (C), see text. 
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methods; the two commonly used by amateurs 
are aural checks with monitors, and visual 
checks with the oscilloscope (§ 5-10). 

Monitors — A monitor is a miniature re- 
ceiver, usually having only a single tube, en- 
closed with its batteries in some sort of meta! 
box which serves as a shield. The requirements 
for a satisfactory monitor for checking c.w. 
signals are not difficult to satisfy. It should 
oscillate steadily over the bands on which 
the station is to be active; the tuning should 
not be excessively critical, although the degree 
of band-spread ordinarily considered desirable | 
for receivers is not essential; the shielding 
should be complete enough to permit the 
monitor to be placed near the transmitter and 
still give a good beat note when tuned to the 
fundamental frequency of the transmitter 
(this is often impossible with the receiver 
because the pick-up is too great); and it should 
be constructed solidly so that it can be moved 
around the station without necessity for re- 
tuning when listening to a signal. 

The circuit of a simple monitor with band- 
switching covering four amateur bands is 
shown in Fig. 1835. Any 1.5- or 2-volt filament 
triode can be used, as well as any batteries of 
a size that will fit into the container selected. 
A plate-tickler switch (Ss) is provided to make 
the monitor non-oscillating when checking 
’phone signals. If desired, a regeneration con- 
trol could be incorporated (§ 7-4). 

Any type of simple detector with a means 
for picking up a small amount of r.f. from the 
transmitter can be used as a ’phone monitor. 
A satisfactory monitor can be constructed 
using a diode rectifier and untuned pick-up 
coil, as shown in Fig. 1836-A. Headphones are 
used for listening checks. The monitor can 
also be employed as an over-modulation indi- 
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cator by use of the 0-1 milliammeter. The 
pick-up coil is loosely coupled to the tank cir- 
cuit of the final r.f. amplifier until the milliam- 
meter reads approximately 0.9 m.a. The speech 
amplifier is supplied with a 400-cycle sine-wave 
tone from an audio oscillator such as that 
shown in Fig. 1834, and the gain control turned 
up until the monitor meter starts to rise, 
indicating overmodulation. 

The circuit at 1837-B indicates the per- 
centage of modulation directly. The a.c. milli- 
ammeter is first plugged into the left-hand 





jack and the pick-up coupling adjusted to give 
a full-scale meter reading on the unmodulated 
carrier. Then the meter is plugged into the 
right-hand jack and the transmitter modulated 
by a tone or speech signal. The modulation per- 
centage will be 140 times the reading of the 
meter; e.g., for 100% modulation the meter 
will read approximately 0.7 ma. In measur- 
ing the percentage of modulation with speech 
the inertia of meter will cause it to undershoot 
on peaks; the maximum swing should there- 
fore be limited to something less than 0.7 ma. 


Fig. 1836 — (A) ’Phone monitor and overmodula- 
tion indicator. 

Ci — 0.005-ufd. midget mica. 

Cz — 0.01-ufd. paper. 

Ri — 0.15 megohm, 4-watt. 

Li — Pick-up coil (enough turns of hook-up wire 
to give 1 ma. deflection on meter when 
loosely coupled to final tank). 

M — 0-1 ma. d.c. milliammeter. 


(B) Modulation percentage indicator. 

Ci, Ri and Li same as above. 

Cs — 0.005-ufd. midget mica. 

C4 — 1.0-yfd. paper. 

Re — 0.25 megohm, 4-watt. 

Le — 30-50 henry iron-core choke. 

M — 0-1 ma. a.c. milliammeter (d.c. meter with 
copper-oxide rectifier). 


@ ANTENNA MEASUREMENTS 


Antenna measurements are made for the pur- 
pose (a) of securing maximum transfer of power 
to the antenna from the transmitter, and (b) of 
adjusting directional antennas to conform with 
design conditions. Measurements are therefore 
made of the current (power) in the antenna, 
voltage and current relationships, resistance, 
and radiated field intensity. Related to meas- 
urements of the antenna proper is the measure- 
ment of transmission line characteristics, 
chiefly involving impedance and resistance. 


Fig. 1835 — C.w. and ’phone monitor. 


Ci — 50-ypfd. midget variable. 

Cz — 0.002-ufd. midget mica. 

C3 — 100-nufd. midget mica. 

Ri — 1 megohm, 4-watt. 

Si-Se — 2-section 4-position rotary band on 
S3 — S.p.d.t. low-capacity switch. 

Sa — Toggle switch. 


Band L i 
1750 90 t. No. 30 e. 24 t. 
3500 50 t. No. 30 d.c.c. 16 t. 
7000 30 t. No. 22 d.c.c. 10 t. 

14000 10 t. No. 22 d.c.c. 6 t. 


All coils close wound on 1-in. diameter forms, 
grouped around S;—Se with adjacent coils at right 
angles. L and L’ approximately 4-in. apart. 


The instruments described for r.f. measure- 
ment (thermocouple ammeter, vacuum-tube 
voltmeter, L, C and Q meter) are all applicable 
to antenna measurement. 

Field-intensity meters — In adjusting an- 
tenna systems for maximum radiation and 
in determining radiation patterns, use is made 
of field intensity meters. Fundamentally the 
field-intensity meter is a vacuum-tube volt- 
meter provided with a tuned input circuit. 
It is used to indicate the relative intensity of 
the radiation field under actual radiating con- 
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ditions. It is particularly useful on the ultra- 
high frequencies and in adjusting directional 
antennas. Checks with a field-intensity meter 
should be made at points not less than several 
wavelengths distant from the antenna and at 


Ant. 





Fig. 1837 — U.bf. field-intensity meter. 


C; — 30-nufd. mica trimmer. 
Co — 35-upyfd. midget trimmer. 
C3 — 250-nufd. midget mica. 
Ri — 1000-ohm potentiometer. 
L— 50-80 Me.: 7 turns No. 14 tinned wire, 14-in. 
diam. 1-in. long. 
25-40 Mc.: 10 turns No. 14 tinned wire, 34-in. 
diam. l-in. long. 
12-20 Mce.: 20 turns No. 16 enamel wire, close- 
wound on 34-in. diameter bakelite tubing. 
6-10 Mce.: 37 turns No. 22 enamel wire, close- 
wound on 34-inch tube. 
M — 0-200 microamperes. 


heights corresponding with the desired angle 
of radiation. 

The absorption frequency meter shown in 
Figs. 1803-1804 may be used as a field strength 
meter if it is provided with a pick-up antenna. 
This can be short length of brass rod or an 
automotive-type antenna mounted on a stand- 
off insulator and connected to the stator of 
the tuning condenser through a small trimmer. 
The crystal detector is not linear, so that a 
given increase in current does not indicate a 





Fig. 1838 — Sensitive field-intensity meter. 


Ci — 50-yyufd. midget variable. 
Ce — 250-uyfd. midget mica. 
C3 — 0.002-ufd. midget mica. 
Ri — 1 megohm, 14-watt. 
L.—1.5-3 Mc.: 58 turns No. 28 d.s.c., closewound. 
3-6 Mc.: 29 turns No. 20 e., closewound. 
6-12 Mc.: 15 turns No. 20 e., spaced. 
11-22 Me.: 8 turns No. 20 e., spaced. 
20-40 Mc.: 4 turns No. 20 e., spaced. 
Wound on 1)4-in. coil forms, whutie length 114 in., 
diode tap in center of coil. 
M — 0-1.5 milliamperes. 
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directly proportional increase in field strength. 

A simple field intensity meter particularly 
suitable for work in the u.h.f. region is shown 
in Fig. 1837. Essentially, it consists of an acorn 
triode operated with very low plate voltage 
and biased to cut-off, constituting a linear 
detector. When a signal is tuned in rectifica- 
tion occurs, and the plate-current increment is 
read on the microammeter. The microammeter 
scale will read approximately linearly with 
voltage, a characteristic that is advantageous 
in making certain types of comparative 
measurements. Radiated power variations 
will, of course, be as the square of the field- 
voltage indication. 

A more sensitive field-intensity meter of use 
in examining the field-strength patterns of 
lower-frequency antenna systems is shown in 
Fig. 1838. It consists of a diode rectifier and 
d.c. amplifier in the same envelope. The ini- 
tial plate current reading is in the neighbor- 
hood of 1.4 ma.; with signal input, the current 
dips downward. The scale reading is linear 
with signal voltage. 

Power gain in antenna systems is usually 
expressed in terms of decibels, A field intensity 
meter that reads directly in db. is shown in 
Fig. 1839. It consists of self-biased linear 
triode voltmeter followed by a variable-y d.c. 
amplifier tube. Because of the logarithmic 
grid voltage-plate current characteristic of 
this tube, a 0-1 ma. milliammeter in its plate 
circuit can be calibrated arbitrarily with a 
linear db scale as shown. For extreme accuracy 
an individual calibration should be made on 
a.c., but the arbitrary scale shown will be 
found sufficiently accurate to be useful. 

The scale covers approximately 25 db. and 
is linear over a range of about 20 db. At very 
small signals it departs from linearity, and 
0 db. is therefore placed at 90% of the scale. 
A variable meter shunt compensates for varia- 
tions in tubes and battery voltages. In use the 
balancing resistor is adjusted to give a full- 
scale reading of 1 ma. The signal pick-up is 
then made such as to cause the meter to indi- 
cate 0 db. Alternatively, the initial reading 
can be set arbitrarily at 10 db.; adjustments 
will then be indicated as losses or gains in rela- 
tion to that figure. 

The range may be extended to +45 db. by 
inserting a 2-point tap switch in the lead to 
the 1T4 amplifier from the self-biasing resistor 
Ry, and tapping that resistor at 1 megohm to 
provide a 10-to-1 multiplier. Add 20 db. to 
scale readings when the multiplier is used. 


® TUBE CHARACTERISTICS 


The best method of checking a receiving or 
transmitting tube is by direct comparison in 
its own socket with a new tube of known 
quality under actual operating conditions. 
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Fig. 1839 — Logarithmic field-intensity meter with db. calibration. 


Ci — 3-30-yyfd. mica trimmer. 
Ce — 50-uufd. midget variable. 
C3, Ca — 500-upfd. midget mica. 
Ri — 10 megohms, 14-watt. 


Any other test falls short of an actual perform- 
ance test. 

For convenience, however, an auxiliary tube 
checker is desirable. A number of commercial 
tube checkers of the type used by servicemen 
are on the market. In purchasing one the 
following qualifications should be sought: 
(1) complete facilities for checking shorts be- 
tween any pair of electrodes; (2) a transcon- 
ductance rather than an ‘‘emission’”’ test 
(the emission of a tube may vary widely with 
no effect on its performance, while genuinely 
faulty tubes may show rated emission); (3) 
provision for checking plate and screen cur- 
rents under typical conditions (at rated volt- 
ages); (4) gas and noise tests. 

The construction of a comprehensive tube- 
checker is an elaborate project. However, for 
an occasional need the amateur can assemble 
a circuit using an existing power source in ac- 
cordance with Fig. 1840 to make a reasonably 
accurate standard transconductance test. A 
pentode tube is shown; for other types omit 
or add electrode connections as required. The 
voltages applied should correspond with those 
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Fig. 1840— Circuit for measuring vacuum-tube 
transconductance. 
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Rez — 1000-ohm wirewound variable. 

L — See coil data under Figs. 1837 and 1838. 
S1, S2 — Toggle switches or d.p.s.t. 

M — 0-1 ma. d.c. milliammeter. 


listed under ‘‘ Typical Operating Conditions” 
in the tube tables of Chapter 20. They should 
be accurate to within 5% (especially grid volt- 
age, plate voltage for triodes and screen volt- 
age for pentodes). With the grid switch in 
No. 2 position, the plate and screen currents 
should read near the rated values; wide varia- 
tions from normal indicate a defective tube. 

To make the transconductance test, note the 
plate current with the grid switch alternately 
on positions 3 and 1, changing the bias from 
exactly 0.5 volt less than rated bias to exactly 
0.5 volt more. The resulting plate current 
change multiplied by 1000 equals the trans- 
conductance in micromhos. This value can 
be checked against the tables. Tubes will 
usually operate satisfactorily until the trans- 
conductance falls to 70% of the rated value. 

Pentagrid and heptode frequency converters 
may be checked by this method if the rated 
d.c. electrode voltages are applied. The oscil- 
lator section can be checked separately by 
noting the oscillator-anode current change. 

Diodes can be checked by applying 50 volts 
of 60-cycle a.c. between plate;.and cathode, in 
series with a 0.25-megohm load shunted by a 
2-ufd. condenser, and reading the rectified cur- 
rent on a 0-1 ma. d.c. meter. A reading of 0.2 
to 0.25 ma. indicates a satisfactory tube. 
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In contrast to earlier days of ama- 
teur radio, when many components were avail- 
able only at prohibitive prices or not at all, 
the construction of a piece of equipment to- 
day resolves itself chiefly into proper assembly 
and wiring of the various components. 


@ TOOLS 


While the greater the variety of tools avail- 
able, the easier and, perhaps, the better the 
job may be done, with a little thought and care 
it is possible to turn out a fine piece of equip- 
ment with comparatively few common hand 
tools. A list of tools which will be found in- 
dispensable in the construction of amateur 
equipment will be found on this page. With 
these tools it should be possible to perform 
any of the required operations in preparing 
panels and metal chassis for assembly and 
wiring. A few additional tools will make cer- 
tain operations easier, so it is a good idea for 
the amateur who does constructional work at 
intervals to add to his supply of tools from 
time to time. The following list will be found 
helpful in making a selection: 


Bench vise, 4-in. jaws 

Tin shears, 10-in. for cutting thin sheet metal 

Taper reamer, }-in. for enlarging small 
holes 

Taper reamer, 1-in. for enlarging holes 

Countersink for brace 

Carpenter’s plane, 8- to 12-in. for wood- 
working 

Carpenter’s saw, cross-cut 

Motor-driven emery wheel for grinding 

Long-shank screwdriver with screw-holding 
clip for tight places 

Set of ‘‘spintite’’ socket wrenches for hex 
nuts 

Set small flat open-end wrenches for hex 
nuts 

Wood chisel, 14-in. 

Cold chisel, 14-in. 

Wing dividers, 8-in. for scribing circles 

Set machine-screw taps and dies 

Folding rule, 6-ft. 

Dusting brush 


Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
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head, band and circular saws and joiner. Al- 
though unnecessary, they are mentioned here 
for those who may be in a position to acquire 
them. 


® CARE OF TOOLS 


To a good workman, the proper eare of tools 
is not only a matter of pride, but he also real- 
izes the energy which may be saved and the 
annoyance which may be avoided by well kept 
sharp-edge tools. A few minutes with the oil 
stone or emery wheel now and then will main- 
tain the fine cutting edges of knives, drills, 
chisels, etc. 

Drills should be sharpened at frequent in- 
tervals so that grinding is kept at a minimum 
each time. This makes it easier to maintain the 
rather critical surface angles for best cutting 
with least wear. 

The soldering iron may be kept in good 
condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re- 
moved and cleaned of any scale, which may 
have accumulated, An oxidized tip may be 
cleaned by dipping in sal ammoniac while hot 
and wiping clean with a rag. Should the tip 
become pitted, it should be filed until smooth 
and then tinned by dipping it in solder. 

All tools should be wiped occasionally with 
an oily cloth to prevent rust. 


@USEFUL MATERIALS 


Small stocks of various miscellaneous ma- 
terials will be required from time to time. 
Most of them may be purchased from hard- 
ware or radio-supply stores. A representative 
list follows: 


Y4-in. by 1/16-in. brass strip for brackets, 
etc. (half-hard for bending) 

Yj-in. square brass rod or -in. by -in. 
by 1/16-in. angle brass for corner joints 

Y4-in. diam. round brass rod for shaft ex- 
tensions 

Machine screws: Round-head, flat-head 
with nuts to fit. Most useful sizes, 
4-36, 6-32, and 8-32 in lengths from 
Y-in. to 1%-in. (Nickeled iron will be 
found satisfactory except in strong r.f. 
fields where brass should be used.) 

Plain washers and lock washers for screws 





Bakelite and hard rubber scraps 


Soldering lugs, panel bearings, rubber 
grommets, lug terminal strips, cambric 
tubing 


Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 


@ CHASSIS CONSTRUCTION 


With a few essential tools and proper pro- 
cedure, it will be found that building radio 
gear on a metal chassis is no more of a chore 
than building with wood and a more satisfac- 
tory job results. 

The placing of components on the chassis 
is shown quite clearly in the photographs and, 
aside from certain essential dimensions which 
are usually given in the text, an exact dupli- 
cation of placement is not necessary. 

Much trouble and energy can be saved by 
spending plenty of time on the planning end 
of the job. When all details have been worked 
out, the actual construction will be greatly 
simplified. 

Cover the top of the chassis with a piece of 
wrapping paper, or preferably cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
Next, assemble parts to be mounted on top of 
the chassis and move them about until a satis- 
factory arrangement has been found, keeping 
in mind any parts which are to be mounted 
underneath so that interferences in mountings 
will be avoided. Place condensers and other 
parts with shafts extending to the panel first 
and arrange so that the controls will form the 


INDISPENSABLE TOOLS 


Long-nose pliers, 6-in. 

Diagonal cutting pliers, 6-in. 

Screwdriver, 6- to 7-in., }4-in. blade 

Screwdriver, 4- to 5-in., 4-in. blade 

Scratch awl or ice pick for marking lines 

Combination square, 12-in. for laying out work 

Hand drill, }4-in. chuck or larger, 2-speed type 
preferable 

Electric soldering iron, 100 watts 

Hacksaw, 12-in. blades 

Center punch for marking hole centers 

Hammer, ball peen, 1-lb. head 

Heavy knife 

Yardstick or other straight edge 

Carpenter’s brace with adjustable hole cutter or 
socket-hole punches (see text) 

Pair small ““C”’ clamps for holding work 

Large coarse flat file 

Large round or rat-tail file, }4-in. diameter 

Three or four small and medium files, flat, round, 
half-round, triangular 

Drills, particularly 14-in., and Nos. 18, 28, 33, 42 
and 50 

Combination oil stone for sharpening tools 

Solder and soldering paste (non-corroding) 

Medium-weight machine oil 
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NUMBERED DRILL SIZES 


Drilled for 
Diameter Will Clear Tapping Iron, 
Number (mils) Screw Steel or Brass* 

1 228.0 — — 

2 221.0 12-24 — 

3 213.0 _ 14-24 

4 209.0 12-20 _ 

5 205.0 _ _ 

6 204.0 —_ _ 

4 201.0 —_ — 

8 199.0 _ — 

9 196.0 _ _ 
10 193.5 10-32 —— 
11 191.0 10-24 
12 189.0 —_ _ 
13 185.0 
14 182.0 = 
15 180.0 — =, 
16 177.0 _— 12-24 
17 173.0 _— — 
18 169.5 8-32 = 
19 166.0 —_ 12-20 
20 161.0 = = 
21 159.0 _ 10-32 
22 157.0 _ —_ 
23 154.0 —_ — 
24 152.0 _ — 
25 149.5 —_ 10-24 
26 147.0 - a 
27 144.0 _ _ 
28 140.5 6-32 _ 
29 136.0 _— 8-32 
30 128.5 _— _ 
31 120.0 — = 
32 116.0 — 

33 113.0 4-36 4-40 _ 
34 111.0 = = 
35 110.0 _ 6-32 ~ 
36 106.5 — _— 
37 104.0 = = 
38 101.5 — _— 
39 099.5 3-48 _— 
40 098.0 _— = 
41 096.0 —_— = 
42 093.5 _— 4-36 4-40 
43 089.0 2-56 — 
44 086.0 — — 
45 082.0 _ 3-48 
46 081.0 _ _ 
47 078.5 _ _ 
48 076.0 _ — 
49 073.0 —_ 2-56 
50 070.0 _ — 
51 067.0 _ _ 
52 063.5 _— _ 
53 059.5 — _ 
54 055.0 —_ = 


* Use one size larger drill for tapping bakelite and hard 
rubber. 


desired pattern on the panel. Be sure to line 
up the shafts square with the chassis front. 
Locate any partition shields and panel brack- 
ets next and then sockets with their shields, 
if used, and other parts, marking the mount- 
ing-hole centers of each, accurately, on the 
paper. Watch out for condensers whose shafts 
do not line up with the mounting holes. Do not 
forget to mark the centers of socket holes and 
holes for leads under i.f. transformers, etc., as 
well as holes for wiring leads. 

By means of the square, lines indicating ac- 
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Fig. 1901 — Method of measuring heights of shafts. 
If the square is adjustable, the end of the scale should 
be set flush with the face of the head. 


curately the centers of shafts should be ex- 
tended to the front of the chassis and marked 
on the panel at the chassis line by fastening the 
panel temporarily. The hole centers may now 
be punched in the chassis with the center 
punch. After drilling, the parts which require 
mounting underneath may be located and the 
mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 
of the chassis should be transferred to the 
panel by once again fastening the panel to 
the chassis and marking from the rear. 

Next mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis as 
illustrated in Fig. 1901. The horizontal dis- 
placement of shafts having already - been 
marked on the chassis line on the panel, the 
vertical displacement may now be measured 
from this line and the shaft centers marked on 
the back of the panel and the holes drilled. Holes 
for any other panel equipment coming above 
the chassis line may now be marked and drilled 
and the remainder of the apparatus mounted. 


@DRILLING AND CUTTING HOLES 


In drilling holes in metal with the hand drill, 
it is important that the centers be well located 
with the center punch so that the drill point 
will not ‘‘walk” away from the center when 
starting the hole. Care should be used to pre- 
vent too much pressure with small drills which 
bend or break easily. When the drill starts to 
break through, special care should be used and 
it is often an advantage to shift a two-speed 
drill to low gear at this point. Holes near 14-in. 
in diameter may be started with a smaller drill 
and reamed out with a larger drill. 

The chuck of the usual type of hand drill is 
limited to \%-in. drills. Although it is rather 
tedious, the 14-in. hole may be filed out to 
larger diameters with round files. Another pos- 
sible method with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of the large hole, 
placing the holes as close together as possible. 
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The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit in the carpenter’s 
brace make the job much easier. A large rat- 
tail file may be clamped in the brace and makes 
a very good reamer for holes up to the diam- 
eter of the file if the file is revolved counter- 
clockwise. 

For socket holes and other large round holes, 
an adjustable cutter designed for the purpose 
may be used in the brace. When the cutter is 
well sharpened, it makes the job easy. Occa- 
sional application of machine oil in the cutting 
groove usually helps. The cutter should first be 
tried out on a block of wood to make sure that 
it is set for the correct diameter. Probably the 
easiest device of all for cutting socket holes is 
the socket-hole punch. The best type works by 
pressure applied by turning a screw with a 
wrench. 

Square or rectangular holes may be cut out 
by using the series of small holes previously 
described, but more easily by drilling a 14-in. 
hole inside each corner, as illustrated in Fig. 
1902, and using these holes for starting and 
turning the hacksaw. The socket-hole punches 
may also be of considerable assistance in cut- 
ting out large rectangular openings. 

The burrs or rough edges which usually 
result in drilling or cutting holes may be re- 
moved with a file or sometimes more con- 
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
up for this purpose. 


eCUTTING THREADS 


Brass rod may be threaded or the damaged 
threads of a screw repaired by the use of dies. 
Holes of suitable size (see drill chart) may be 
threaded for screws by means of taps. Either 
are obtainable in any standard machine-screw 





A B 


Fig. 1902 — Cutting rectangular holes in a chassis. 
If the corner holes are filed out as shown in the shaded 
portion of B, it will be possible to start the hacksaw 
blade along the cutting line. A shows a single-ended 
handle for a hacksaw blade. 


size. A set usually consists of taps and dies for 
4-36, 6-32, 8-32, 10-32 and 14-20 sizes with a 
suitable holder for either tap or die. The die 
may be started easily by filing a sharp taper 
or bevel on the end of the rod. In tapping a 
hole, extreme care should be used to prevent 
breaking the tap. The tap should be kept at 
right angles to the surface of the material and 
rotation should be reversed a revolution or 
two whenever the tap starts to turn hard. 
With care, holes may be tapped rapidly by 
clamping the tap in the chuck of the hand drill 
and using slow speed. Machine oil applied to 
the tap usually makes cutting easier and stick- 
ing less troublesome. 


e@ CUTTING AND BENDING SHEET METAL 


If a sheet of metal is too large to be con- 
veniently cut with a hacksaw, it may be 
marked with scratches as deep as_ possible 
along the line of the cut on both sides of the 
sheet and then clamped in a vise and worked 
back and forth until the sheet breaks at the 
line. Do not carry the bending too far until the 
break begins to weaken, otherwise, the edge of 
the sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 
than the width of the sheet, used in the vise 
will make the job easier. ‘‘C”’ clamps may be 
used to keep the bars from spreading at the 
ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run- 
ning the edge of the metal back and forth over 
the sheet. 

Bends are made similarly. The sheet should 
be scratched on both sides, but not too deeply. 


@CLEANING AND FINISHING METAL 


Parts made of aluminum may be cleaned up 
and given a satin finish, after all holes have 
been drilled, by placing them in a solution of 
lye for half to three-quarters of an hour. Three 
or four tablespoonfuls of lye should be used to 
each gallon of water. If more than one piece is 
treated in the same bath, each piece should be 
separated from the others so as to expose all 
surfaces to the solution. Overlapping of pieces 
may result in spots or stains. 


@ CRACKLE FINISH 


Wood or metal parts may be given a crackle 
finish by applying one coat of clear Duco or 
Tri-Seal and allowing it to dry over night. A 
coat of Kem Art Metal Finish is then sprayed 
or put on thickly with a brush, taking care 
that the brush marks do not show. This should 
be allowed to dry for two or three hours and 
the part should then be baked in a household 
oven at 225 degrees for one and one-half hours. 
This will produce a regular commercial job. 
This finish comes in several different colors and 
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is produced by the Sherwin-Williams Paint 
Co. and should be obtainable through any 
dealers handling Sherwin-Williams products. 


eHOOK-UP WIRE 


A popular type of wire for receivers and 
low-power transmitters is that known as 
*“push-back’’ wire which comes in sizes of 
No. 18 or 20 which is sufficiently large for all 
power circuits except filament. The insulating 
covering, which is sufficient for circuits where 
voltages\do not exceed 400 or 500, may be 
pushed back a few inches at the end making 
cutting of the insulation unnecessary when 
making a connection. Filament wires should be 
of sufficiently large conductor to carry the re- 
quired current without appreciable voltage 
drop (see Wire Table, Chapter Twenty). 
Rubber-covered house wire sizes No. 14 to No. 
10 is suitable for heavy-current transmitting 
tubes, while No. 18 to No. 14 flexible wire is 
satisfactory for receivers and low-drain trans- 
mitting tubes where the total length of wire 
is not excessive. 

Stiff bare wire, sometimes called bus-wire, is 
most favored for the high r.f.-potential wiring 
of transmitters and, where practicable, in 
receivers. It comes in sizes No. 14 and No, 12 
and is usually tin-dipped. Soft-drawn antenna 
wire may also be used. Kinks or bends may be 
removed by stretching 10 or 15 feet of the wire 
and then cutting into small usable lengths. 

- The insulation covering power wiring which 
will carry high transmitter voltages should be 
appropriate for the voltage involved. Wire 
with rubber and varnished cambric covering, 
similar to ignition cable, is usually available at 
radio dealers. Smaller sizes have sufficient in- 
sulation to be safe at 1000 to 1500 volts, while 
the more heavily insulated types should be 
used for voltages above 1500. 


® WIRING TRANSMITTERS AND 
RECEIVERS 


It is usually advisable to do the power-sup- 
ply wiring first. The leads should be bunched 
together in cable form as much as possible and 
kept down close to the surface of the chassis. 
Chassis holes for wires should be lined with 
rubber grommets to fit the hole to prevent chaf- 
ing of the insulation. In cases where power- 
supply leads have several branches, it is often 
convenient to use fibre terminal strips as an- 
chorages. These strips also form handy mount- 
ings for wire-terminal resistors, etc. When 
any particular unit is provided with a nut or 
thumb-screw terminal, solder-lug wire ter- 
minals to fit are useful. 

High-potential r.f. wiring should be well 
spaced from the chassis or other grounded 
metal surfaces and should run as directly as 
possible between the points to be connected 
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without fancy bends, When wiring balanced or 
push-pull circuits, care should be taken to 
make the r.f. wiring on each side of the circuit 
as symmetrical as possible. When it is neces- 
sary to pass r.f. wiring through the chassis, a 
feed-through insulator of low-loss material 
should be used, or the hole in the chassis should 
be of sufficient size to provide plenty of air 
space around the wire. Large-diameter rubber 
grommets may be used to prevent accidental 
short-circuit to the chassis. 

By-pass condensers should be connected 
directly to the point to be by-passed and 
grounded immediately at the nearest available 
mounting screw, making certain that the 
screw makes good electrical contact with the 
chassis. In using tubular paper by-pass con- 
densers, care should be taken to connect the 
*foil” side to ground. 

Blocking and coupling condensers should be 
mounted well spaced from the chassis. 

High-voltage wiring should be done in such 
a manner that exposed points are kept at a 
minimum and those which cannot be avoided 
are rendered as inaccessible as possible to 
accidental contact. 


®@ SOLDERING 


The secret of good soldering is in allowing 
time for the joint, not the solder, to attain suf- 
ficient temperature. Sufficient heat should be 
applied so that the solder will melt when it 
comes in contact with the wire forming the 
joint without the necessity for touching the 
solder to the iron. Soldering paste, if the non- 
corroding type, is extremely useful when used 
correctly. In general, it should not be used for 
radio work except when it is necessary to make 
the soldered joint with one hand. In this case, 
the joint should first be warmed slightly and 
the soldering paste applied with a piece of 
wire. Only the soldering paste which melts 
from the warmth of the joint should be used. If 
the soldering iron is clean, it will be possible to 
pick up a drop of solder on the tip of the iron 
which can be applied to the joint with one 
hand, while the other is used to hold the con- 
necting wires together. The use of excessive 
soldering paste causes the paste to spread over 
the surface of adjacent insulation causing 
leakage or breakdown of the insulation. Except 
where absolutely necessary, solder should 
never be depended upon for the mechanical 
strength of the joint; the wire should be 
wrapped around the terminals or clamped with 
soldering terminals. 


@ CONSTRUCTION NOTES 


Lockwashers should be used under nuts to 
prevent loosening with use, particularly when 
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mounting tube sockets or plug-in coil recep- 
tacles subject to frequent strain. 

If a control shaft must be extended or in- 
sulated, a flexible shaft coupling with adequate 
insulation must be used. Satisfactory support 
for the shaft extension may be provided by 
means of a metal panel bearing made for the 
purpose. Never use panel bearings of the non- 
metal type unless the condenser shaft is 
grounded. The metal bearing should be con- 
nected to the chassis with a wire or grounding 
strip. This prevents any possible danger. 


© COIL WINDING 


Dimensions for coils for the various units 
described in the constructional chapters are 
given under the circuit diagrams. Where no 
wire size is given, the power level is sufficiently 
low to permit the use of any available size 
within reason. 

Unless a close-wound winding is definitely 
specified, the number of turns specified should 
be spaced out to fill the specified length on 
the form. The length specified should be 
marked on the form and holes drilled opposite 
the pins to which the ends of the winding are 
to connect. Scrape one end of the wire and pass 
it through the lower hole in the form to the 
pin to which the bottom end of the winding is 
to connect and solder this end fast. Unroll an 
amount of wire approximately sufficient to 
make the winding and clamp the spool in a 
vise so it will not turn. The wire should be 
pulled out straight and the winding started 
by turning the form in the hands and walking 
up toward the vise. A fair tension should be 
kept on the wire at all times. The spacing can 
be judged by eye. If, as the winding progresses, 
it becomes evident that the spacing is going to 
be incorrect to fill the required length, the 
winding may be started over again with a 
different spacing. If the spacing is only slightly 
off, the winding may be finished, the top end 
fastened and the spacing corrected by pushing 
each turn. When complete, the turns should be 
fastened permanently in place with coil ce- 
ment. After a little practice, the job of 
determining the correct spacing will not be 
difficult. 

Sometimes it becomes necessary to adjust 
the number of turns on a coil experimentally 
to fit a particular job. The easiest way to do 
this is to bring a wire out from one of the pins, 
extending through the hole in the form for a 
half-inch or so. The end of the winding may 
then be soldered to this extension, rather than 
to the pin itself, and the nuisance of repeatedly 
fishing the wire through to the pin avoided 
until the correct size of the winding has been 
determined. 
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THis CHAPTER represents a compila- 
tion of miscellaneous data useful to the prac- 
tising radio amateur. The larger part of it is 
devoted to data on different types of trans- 
mitting and receiving vacuum tubes includ- 
ing typical operating conditions and base 
connections. The remainder of the chapter 
contains reference information intended to 
illustrate and supplement the basic material 
throughout the remainder of this Handbook. 


Inductance (L) 


The formula for computing the inductance 
of air-core radio coils is: 


0.2 A2N? 
34 + 9B +100 


where: LZ is the inductance in microhenrys 
A is the mean diameter of the coil in 
inches 
B is the length of winding in inches 
C is the radial depth of winding in 
inches 
N is the number of turns. 
The quantity C may be neglected if the coil 
is a single-layer solenoid, as is nearly always 
the case with coils for high frequencies. 

For example, assume a coil having 35 turns 
of No. 30 d.s.c. wire on a receiving coil form 
having a diameter of 1.5 inches. Consulting 
the wire table, we find that 35 turns of No. 30 
d.s.c. will occupy a length of one-half inch. 
Therefore, 


L= 


A =1.5 
B= .5 
N = 35 


and 

0.2 X (1.5)? X (85)? 
(3 X 1.5) + (9 X .5) 
or 61.25 microhenrys. 


To calculate the number of turns of a single- 
layer coil for a required value of inductance: 


y= fA EOE xe, 


L= 


0.2A? 
More rapid and convenient calculations in 


designing coils can be made with the ARRL 
Lightning Radio Calculator (Type A). 


Condenser Capacity (C) 


The formula for the capacitance of a con- 
denser is: 


kA 
C = 0.0088 - (n — 1) wefd. 


where: A = area of one side of plate (sq. cm.) 
n = total number of plates 
d = separation of plates (cm.) 
k = dielectric constant of dielectric. 
When A is the area of one side of one plate 
in square inches and d is the separation of the 
plate in inches, 


C = 0.02235 ia (n — 1) upfd. 


The dielectric constant determines the quan- 
tity of charge which a given separation and 
area of plates will accumulate for a given ap- 
plied voltage. ‘“‘k’”’ is the ratio of the capaci- 
tance of a condenser with a given dielectric 
to its capacitance with air dielectric. 


Table of Dielectric Constants 


Power Puncture 
Dielectrie dt iad Factor! Voltage? 
Air —— ones? as 1.0 —— 19.8-22.8 
Amber. iaeetese — 20 0.2-0.5 — 
Asphalts. . .- 2.7-3.1 2.38 25-30 
Bakelite — See Phenol 
Beeswax . oe .. 2.9-3.2 — — 
Casein Plastics. | . 6.1-6.4 5.2-6 165 
Castor oil. . 4.38-4.7 vA 380 
Celluloid . weeeeee 4-16 5-10 —_— 
Cellulose ‘Acetate Seer 6-8 3-6 600 
Cellulose Nitrate....... 4-7 2.8-5 300 
Ceresin wax. we. 2.5-2.6 0.12-0.21 
Enamel (wire). 500-750 
Fibre@i.s. 2-0: 5-7.5  4.5-5 150-180 
Glass: 
Cobalt . ipeaticuy 0. Dae 0.7 — 
Common ‘window. . 7.6-8 1.4 200-250 
Crown. hi weenie ORBET 13 500 
Electrical. . Meh ae tas iO 0.5 2000 
Flint. Staitreve 7-10 0.4 —_— 
Nonex. . siae 02 0.25 — 
Photographic. . s - Feb 0.8-1 — 
Plate. ~...... 6.8-7.6 0.6-0.8 -— 
Pyrex. ip Resea yay alos aYauisia tievets 4.5 0.7 335 
Gutta Percha.......... 2.5-4.9 od 200-500 
LUC. cctencstwctea rae 265-8 cae —_ 
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Mica. . 2.5-8 0.01-0.06 -—— 
Mica (clear India) . . 6.4-7.3 0.01-0.02 600-1500 
Mycalex.. adnan 68 0.2-0.3 250 
Paper. . .. +. 2.0-2.6 -—— — 
Parafiin wax ‘(aolid) . ha eiee 1.9-2.6 0.1-0.3 300 
Phenol: 5 
Pure. SAcoaumiae ence 5 1 — 
Asbestos ‘base. ecorereeetevs 7.5 15 90-150 
Black molded . 5-5.5 3.5 400-500 
Fabric base......... 5-6.5 3.5-10 150-500 
Mica-filled.......... 5-6 0.8-1 475-600 
Paper base.......... 3.8-5.5 2.5-4 650-750 
WOW os oisics: cis ess 450% 5.3-5.4 0.36-0.7 500 
Polystyrene ®. . wee 2,4-2.9 0.02 500 
Porcelain (dry process)... 6.2-7.5 0.7-15 40-100 
Porcelain (wet process) .. 6.5—-7 0.6 150 
Pressboard (untreated) .. 2.9-4.5 —_— 125-300 
Pressboard eee area a 5 — 750 
Quartz (fused). ........ 4.2-5.1 0.03 200 
Rubber era : AR 2-3.5 0.5-1 450 
Shellac. . secwvees 25-4 0.09 900 
Steatite 8 se waren 6.1 0.06-0.2 150-315 
Titanium Dioxide ® er 90-170 0.1 —_ 
Urea Formaldehyde res- 
ins 10, 5-7 2-4 300-400 
Varatshed ‘cloth ‘bilack). 2 2 550 
Varnished cloth (yel- 
low) tts cseseriewse es 205 3 440 
Viti reais. joa os: eesves 4 1.4-1.7 400-500 
Vit OER 6. oie ocsious ose ae 6.4 0.3 — 
Wood (dry oak)....... 2.5-6.8 3.85 — 
Wood (paraffined maple) 4.1 —— 115 
1At1 Me. 


2 In kilovolts per inch. Most data applies to relatively thin 
sections and cannot be multiplied directly to give breakdown 
for thicker sections without added safety factor. 

3 At 1 ke. 

4 Includes such products as Aladdinite, Galalith, Erinoid, 
Lactoid, etc. 

5 Phenolaldehyde products include Acrolite, Bakelite, 
Celeron, Dielecto, Durez, Durite, Formica, Micarta, 
Synthane, Textolite, etc. Yellow bakelite is so-called ‘‘low- 
loss” bakelite. 

6 Includes Amphenol 912A, QuartzQ, Styron, Trolitul, 
Victron, etc. 

7 Also known as Ebonite. 

8 Soapstone — Alberene, Alsimag, Isolantite, Lava, etc. 

® Rutile. Used in low-temperature-coefficient fixed con- 
densers. 

10 Includes Aldur, Beetle, Plaskon, Pollopas, Prystal, etc. 

11 Includes Empire cloth. 


RMA RADIO COLOR CODES 


Standard color codes have been adopted 
by the Radio Manufacturers Association for 
the identification of the values and connec- 
tions of standard components. 


Resistors and Condensers: 


For identification of resistance and capaci- 
tance values of small carbon-type resistors and 
midget mica condensers, numbers are repre- 
sented by the following colors: 


0 — Black 5 — Green 
1 — Brown 6 — Blue 
2 — Red 7 — Violet 
3 — Orange 8 — Gray 
4 — Yellow 9 — White 


Three colors are used on each resistor to 
identify its value. The body color represents 
the first figure of the resistance value; one 
end or tip is colored to represent the second 


SZ, 
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figure; a colored band or dot near the center 
of the resistor gives the number of zeros fol- 
lowing the first two figures. A 25,000-ohm 
resistor, for example, would be marked as 
follows: body, red (2); tip, green (5); band, 
orange (8 zeros). 

Small mica condensers usually are marked 
with three colored dots, with an arrow or other 
symbol indicating the sequence of colors. 
Readings are in micromicrofarads (uufd.), with 
the color code as above. For example, a 
0.00025-ufd. (250-uufd.) condenser would be 
marked as follows: red (2), green (5), brown 
(1 zero). 


I.F. Transformers: 


Blue — plate lead. 

Red — B + lead. 

Green — grid (or diode) lead. 
Black — grid (or diode) return. 


Nore: If the secondary of thei.f.t. is center- 
tapped, the second diode plate lead is green- 
and-black striped, and black is used for the 
center-tap lead. 


A..F. Transformers: 


Blue — plate (finish) lead of primary. 

Red —B-+ lead (this applies whether the 
primary is plain or center-tapped). 

Brown — plate (start) lead on center-tapped 
primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green — grid (finish) lead to secondary. 

Black — grid return (this applies whether the 
secondary is plain or center-tapped). 

Yellow — grid (start) lead on center-tapped 
secondaries. (Green may be used for this lead 
if polarity is not important.) 

Norte: These markings apply also to line-to- 
grid, and tube-to-line transformers. 


Loudspeaker Voice Coils: 


Green — finish. 
Black — start. 


Field Coils: 


Black and red — start. 
Yellow and red — finish. 
Slate and Red — tap (if any). 


Power Transformers 


1, Brimary ea08 ois. ére4csasa3s ores: 3. 00 sro aieiee he8 2 Saree Black 
If tapped: 
(tal hess) Wetrnte a ete POPE CAPS rear eT ee Ne Tne Black 
DAD is sstsiais siotenwraceserererayevevect Black and Yellow Striped 
DINGY 5 sic caveavesa vasa nasa sss ove aya Black and Red Striped 
2. High-Voltage Plate Winding............eseeeeees Red 
Coenter-Tap ss... .i.isececees Red and Yellow Striped 
3. Rectifier Fil. Winding. ...........eceeeeeseees Yellow 
Center-Tap........-.e00- Yellow and Blue Striped 
4. Fil. Winding No. Liss os cicccc ccc ccdscenssieees Green 
Center-Tap...........8. Green and Yellow Striped 
5. Bil. Winding No. 2.00605 sccccnsscsscwiesc cece . Brown 
Center-Tap.........0-- Brown and Yellow Striped 
6. Bil, Winding No.8 vieoes. 60 cawicascaseeamercions asians Slate 
Center-Tap...........--- Slate and Yellow Striped 
+ 
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LC Constants 


The product of the inductance and capac- 
ity required to resonate at a given frequency 
is known as the LC constant. If any value 
of inductance (or capacity) is divided into 
that constant the quotient is the capacity 
(or inductance) required for resonance at that 
frequency. The following table gives LC con- 
stants for amateur and intermediate fre- 
quencies in terms of microhenries and micro- 


microfarads: 


Frequency LC Constant Frequency LC Constant 
Ke. wh. X wufd. Me. uh. X pyfd. 
100 2,533,030. 7.0 516.944 
455 122,355. 7.3 475.399 
1000 25,330.3 14.0 129.236 
1600 9,894.64 14,4 122,185 
1750 8,271.12 28.0 32.3090 
1900 7,016.68 30.0 28.1448 
2000 6,332.57 56.0 8.07726 
3500 2,067.78 60.0 7.03620 
4000 1,583.14 112.0 2.01931 
5000 1,013.21 116.0 1.88245 
For other frequencies: 
25330.3 


LC 


oF (Freq. ate.)? 


(The above data are contributed by Henry R. Hesse, W2ERY.) 


Symbols for Electrical Quantities 


Admittance 

Angular velocity (2zf) 
Capacitance 
Conductance 
Conductivity 

Current 

Difference of potential 
Dielectric constant 
Energy 

Frequency 

Impedance 
Inductance 

Magnetic intensity 
Magnetic flux 
Magnetic flux density 
Magnetomotive force 
Mutual inductance 
Number of conductors or turns 
Permeability 

Phase displacement 
Power 

Quantity of electricity 
Reactance 

Reactance, Capacitive 
Reactance, Inductive 
Resistance 

Resistivity . 
Susceptance 

Speed of rotation 
Voltage 

Work 


Y,y 
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o 
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od 
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Letter Symbols for Vacuum Tube Notation 


Grid potential Eq, & 
Grid current oy te 
Grid conductance Ie 
Grid resistance To 
Grid bias voltage E. 
Plate potential Ey, €p 
Plate current Ly; Ln; 45 
Plate conductance Ip 
Plate resistance Tp 
Plate supply voltage Ep 
Emission current I, 
Mutual conductance Im 
Amplification factor Me 
Filament terminal voltage Ey 
Filament current Ty 
Grid-plate capacity Cop 
Grid-cathode capacity Cor 
Plate-cathode capacity Cok 
Grid capacity (input) Cs 
Plate capacity (output) Co 


Nore. — Small letters refer to instantane- 
ous values. 


Units of Length 


English 


1 mil = 0.001 inch 
= 0.0254 millimeter 
linch = 2.54 centimeters 


Metric 
1 millimeter = 39.37 mils 


1 centimeter = 0.3937 inch 


= 0.0328 foot 
1 foot = 30.48 centimeters 1 meter = 3.28 feet 
1 yard = 0.9144 meter = 1,094 yards 


1 mile = 1.6093 kilometers 1 kilometer = 0.6214 mile 
‘ 1 micron = 1076 meter 
= 0.0001 centimeter 
= 10,000 Angstrom units (A°) 
1 Angstrom = 10710 meter 
= 1078 centimeter 
= 0.0001 micron 


Relative Electrical Conductivity of Metals 
at Ordinary Temperatures 


(Based on Copper as 100) 


Aluminum (28; pure) 59 Iron (cast)........ 2-12 
Aluminum (alloys): Tron (wrought)..... 11.4 

Soft-annealed..... 45-50}Lead............5 a 

Heat-treated...... 30-45]Manganin......... 3.7 
IBPASSiaainiqu sainaees 28 Mercury’. «cans eae 1.66 
Cad mim soca, é:srscesevscs 19 Molybdenum...... 33.2 
Chromiunlis oc scceews 55 Monel 4 eens deere 4 
CHAK. ecsiecia enna 1.83]Nichrome......... 1.45 
CObaltic simran swans scisre 16.3 | Nickel ...6 s05.000% 12-16 
Constantin......... 3.24|Phosphor Bronze... 36 
Copper (hard drawn). 89.5 |Platinum......... 15 
Copper (annealed)... 100 SUVeR6 as.cames ewes 106 
AV ORGUE si ieee se anonctays 6 BUOEL eis. c:ercrdiericsexacecs 3-15 
German Silver (18%) 5.3 |Tin.............. 13 
GOI oy ssenanclavanceaxtnakas Tungsten.......-. 





Approximate relations: 
An increase of 1 in A.W.G. or B. & S. wire size increases 
resistance 25%. 
An increase of 2 increases resistance 60%. 
An increase of 3‘increases resistance 100%. 
An increase of 10 increases resistance 10 times. 
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Current Capacity of Power Wiring 


The National Board of Fire Underwriters 
has established the following as maximum cur- 
rent densities for commonly-used sizes of cop- 
per wire in electrical power circuits: 












Amperes 
Gauge No. Circular 
B. & 8S. Mil Area Rubber Other 
Insulation Insulation 


Greek Alphabet 


Since Greek letters are used to stand for 
many electrical and radio quantities, the 
names and symbols of the Greek alphabet with 
the equivalent English characters are given. 


Greek Letter | Greek Name Pre hia 
hie Alpha > 
BB Beta b 
Ty Gamma & 
Aé Delta d 
Ee Epsilon e 
Zt Zeta 2 
H 7 Eta 6 
08 Theta th 
lt Tota : 
K x Kappa kk 
AX Lambda } 
Mp Mu at 
Ny Nu = 
Ee Xi ; 
Oo Omicron 5 
TT = Pi P 
Pp Rho r 
Zo Sigma , 
T 7 Tau t 
Tv Upsilon u 
Be Phi pe 
X x Chi ch 
vy Psi pa 
ins Omega 6 
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Multiples and Sub-Multiples 


Ampere = 1,000,000 microamperes 
Ampere = 1,000 milliamperes 
Cycle = 0.000,001 megacycle 
Cycle = 0.001 kilocycle 
Farad = 1,000,000,000,000 micro- 
microfarads 
Farad = 1,000,000 microfarads 
Farad = 1,000 millifarads 
Henry = 1,000,000 microhenrys 
Henry = 1,000 millihenrys 
Kilocycle = 1,000 cycles 
Kilovolt = 1,000 volts 
Kilowatt = 1,000 watts 
Megacycle = 1,000,000 cycles 
Megohm = 1,000,000 ohms 
Mho = 1,000,000 micromhos 
Mho = 1,000 millimhos 
Microampere = 0.000,001 ampere 
Microfarad = 0.000,001 farad 
Microhenry = 0.000,001 henry 
Micromho = 0.000,001 mho 
Micro-ohm = 0.000,001 ohm 
Microvolt = 0.000,001 volt 
Microwatt = 0.000,001 watt 
Micromicrofarad = 0.000,000,000,001 farad 
Micromicro-ohm = 0.000,000,000,001 ohm 
Milliampere = 0.001 ampere 
Millihenry = 0.001 henry 
Millimho = 0.001 mho 
Milliohm = 0.001 ohm 
Millivolt = 0.001 volt 
Milliwatt = 0.001 watt 
Volt = 1,000,000 microvolts 
Volt = 1,000 millivolts 
Watt = 1,000,000 microwatts 
Watt = 1,000 milliwatts 
Watt = 0.001 kilowatt 
Metric Prefixes 
Me ree _ One-millionth micro- 
: dth illi 
m 1,000 One-thousandt milli- 
oe hundredth _centi- 
c 100 One-hundredt centi- 
1 dae 
d To One-tenth eci- 
1 One uni- 
dk 10 Ten deka- 
h 100 One hundred hekto- 
k 1,000 One thousand kilo- 
10,000 Ten thousand myria- 
M 1,000,000 One million mega- 
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VOLTAGE, CURRENT OR POWER RATIOS 
oO 





fe) 10 20 30 40 50 60 70 80 90 100 
fo) 2 4 6 8 10 12 14 16 18 20 
DECIBELS (08) 
asec seas HOWER ———__ VOLTAGE OR CURRENT 


The chart above is direct-reading in terms of decibels for all power, voltage or current ratios. The top scale goes 
from 0 to 100 db and is useful for very large ratios; the lower scale permits closer reading between 0 and 20 db, or one 
cycle of the extended scale. Solid lines show voltage or current ratios; dotted lines, power ratios. To find db gain, 
divide output power by corresponding input power and read db value for this ratio, using the appropriate curve (i.e., 
* X 1” for ratios from 1 to 10, “ X 10” for ratios from 10 to 100, “ X 100” for ratios from 100 to 1000, and so 
on). To find db loss, as where output is less than input, divide input value by output value. Current and voltage 
ratios in db can be found similarly, provided the input and output impedances are the same. Power, voltage and 
current values must be in the same units (watts, millivolts, microamperes, etc.). 


ABBREVIATIONS FOR ELECTRICAL AND RADIO TERMS 


Alternating current a.C. Megohm 

Ampere (amperes) a. Meter 

Antenna ant. Microfarad 

Audio frequency ' Microhenry 
Centimeter : Micromicrofarad 
Continuous waves .w. Microvolt 

Cycles per second -p.s. Microvolt per meter 
Decibel : Microwatt 

Direct current Cs Milliampere 
Electromotive force wm. f, Millivolt 

Frequency Z Milliwatt 

Ground : Modulated continuous waves 
Henry ; Ohm 

High frequency ft Power 

Intermediate frequency if. Power factor 
Interrupted continuous waves _i.c.w. Radio frequency 
Kilocycles (per second) . ‘Ultra-high frequency 
Kilowatt : Volt (volts) 
Megacycle (per second) . Watt (watts) 
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Conversion factors for power amplifier triodes and pentodes. 
Using the operating conditions shown in the tube data tables 
on pages 390-419, equivalent conditions involving special plate 
voltage requirements can be determined. To use these curves, 
first determine the ratio of the new plate voltage to that shown 
in the table. This ratio, the voltage conversion factor (Fe), is 
then used to determine the new screen- and control-grid voltages 
and the other significant characteristics for the new operating 
condition. The accuracy is sufficiently good for voltage changes 
not exceeding 2.5 to 1. All voltages must be changed in propor- 
tion; if only grid or plate voltage is changed the relationships 
will not hold. 


By use of the reactance chart (below), the approximate re- 
actance of any capacity from 1.0 pufd. to 10 ufd. at any fre- 
quency from 100 cycles to 100 megacycles can be read directly. 
The reactance of inductances from 0.1 microhenry to 1.0 henry 
can also be read. Intermediate values can be estimated by inter- 
polation. In making interpolations remember that the rate of 
change between lines is logarithmic. Use the frequency or re- 
actance scales as a guide in estimating intermediate values on 
the capacity or inductance scales. 

This chart can also be used to find the approximate resonance 
frequencies of LC combinations or the frequency to which a 
given coil and condenser will tune. First locate the respective 
slanting lines for the capacity and inductance. The point where 
they intersect, i.e., where the reactances are equal, is the reso- 
pant oe (projected downward and read on the frequency 
scale). 
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SCHEMATIC 


SYMBOLS USED IN CIRCUIT DIAGRAMS 


Wtres Mille t 
Y Antenna op eas ae hlliammeter 
— V \— Voltmet 
~ Ground Pat ge WR ice 
ut not connect 
Fixed : D5 40 Plug 
Te Condenser Twisted 
WOCSK™ Pair —)— A4CReceptacle 
i ee SS = = = = Shielded 
23, neha — ea Wire’ —n0o- fuse 
(ovale Paes) Shielding —t— Rectifier 
/nductance <6 O- Headphones wih ln ‘Lamp Bulb 
eee, bei or 
Choke) Neor Bulb or Voltage 
i Loudspeaker -()- Requlator Tizbe 
Plate 
ngle-Button . 
Tapped oe Diode 
eee curbed Microphone Vacuum Tithe 
Double-Bution _,, 
Carbon Microphone *#ament 
Ribbon. orVelocit pe aes 
Hots ~bbon or dng! | rlode 
Than ee x ny Microphone 7 Vacuum Tube 
Or: two ils s coupled se 
to each other) ale Pal i Filament 
=m cro, e 
Air-Core ai a sr é a Multe-Grid Vacuum 
Transformer. = 4 Tube. The grids are 
with vara te o Gp usuallynumbered G, 
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coupl nq) 7 being that closest 
Cathode to the cathode 
— = ye poe is od —y] Jacks VACUUM-TUBE SYMBOLS: 
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Sle Trans tormer =) e _Double-Pole. ae 
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Fixed — rN 
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Variable and —Alb|a|ilif Sactery == 
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voltage divider, etc.) 1 
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TRANSMITTING TUBE DIAGRAMS 
Bottom views are shown. Terminal designations on 

sockets are as follows: 

BP = Bayonet Pin IC = Internal Connection 

F = Filament P = Plate (Anode) * 






H G = Grid Psr = Beam-Forming-Plates 
INDEX BOSS INDEX Boss H = Heater S = Shell 
T-9A JT-9B K = Cathode SH = Internal Shield 


NC = No Connection U = Unit 
Alphabetical subscripts D, P, T and HX indicate, 
= respectively, diode unit, pentode unit, triode unit or 
hexode unit in multi-unit types. Subscript T or CT in 
dicates filament or heater tap. : 
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RECEIVING TUBE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are as follows: 


BP = Bayonet Pin IC = Internal Connection P = Plate (Anode) S = Shell 

F = Filament IS = Internal Shield Pi = Starter-Anode TA = Target 

G = Grid K = Cathode Psr= Beam-Forming Plates @ = Gas-Type Tube 
H = Heater NC = No Connection RC = Ray-Control Electrode U = Unit 


Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or hexode 
unit in multi-unit types. Subscript T or CT indicates filament or heater tap. 





RECEIVING TUBE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are as follows: 


BP = Bayonet Pin IC = Internal Connection P = Plate (Anode) S = Shell 

F = Filament IS = Internal Shield P; = Starter-Anode TA = Target 

G = Grid K = Cathode Psr= Beam-Forming Plates @ = Gas-Type Tube 
H = Heater NC = No Connection RC = Ray-Control Electrode U = Unit 


Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or hexode 
unit in multi-unit types. Subscript T or CT indicates filament or heater tap. 





RECEIVING TUBE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are as follows: 


BP = Bayonet Pin IC = Internal Connection P = Plate (Anode) S = Shell 

F = Filament IS = Internal Shield Pi = Starter-Anode TA = Target 

G = Grid K = Cathode Psr= Beam-Forming Plates @ = Gas-Type Tube 
H = Heater NC = No Connection RC = Ray-Control :“lectrode U = Unit 


Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or hexode: 
unit in multi-unit types. Subscript T or CT indicates filament or heater tap. 


K F- = 
H H H 1 H F- F+ F- r Ft 
SOCKET CONNECTIONS FOR _p _P 
' ACORN TUBES “(Top) Cop) 
Bottom views — looking at short 
end. G3 Go G Pp G Pp G3 Go. 





uke  — ana Wiscallaenus Data 


STANDARD METAL GAUGES 32 . 007950 -01015625 .009 
Gauge American U.S. Birmingham ae -O07080 -009375 -008 
No orB.& S81 Standard 2 or Stubs 2 34 . 006350 . 00859375 .007 
7 : 35 005615 0078125 -005 
[ase Cains ~~ stone “otro 
2 2576 265625 284 ; : ‘trae 
Z : 38 003965 .00625 
3 . 2294 .25 . 259 39 003531 
4 - 2043 - 234375 .238 40 i 003145 «.. 
5 .1819 . 21875 220 Sr is ie ne ares re 
6 . 1620 . 203125 . 203 1 Used for aluminum, copper, brass and non-ferrous alloy 
fi . 1443 . 1875 . 180 sheets, wire and rods. 
8 .1285 . 171875 .165 2 Used for iron, steel, nickel and ferrous alloy sheets, 
9 .1144 . 15625 . 148 wire and rods. 
10 .1019 . 140625 .134 3 Used for seamless tubes; also by some manufacturers for 
cee .09074 .125 . 120 copper and brass. 
12 .08081 . 109375 .109 
13 .07196 .09375 .095 
14 06408 078125 083 
15 “05707 “0703125 ‘072 DECIMAL EQUIVALENT OF FRACTIONS 
16 .05082 0625 065 DO Dh susan 6 sexsi ¢ aus 03125 MCB 2: ners bates . 53125 
17 04526 05625 058 TAG cs ectaes i 0625 O/B. 8 gems os 5625 
18 .04030 .05 -049 ain x aye ee wena os .09375 NOY B2 «ashes olearirus . 59375 
19 03589 .04375 042 LY Sic ice see va .125 DY Sivivane siniaties 625 
20 03196 0375 .035 D/Bois > adn Stands s . 15625 QUO Ss aueaeonanet 65625 
21 . 02846 034375 -032 SUNG i co: 3. Serene . 1875 : A - 6875 
22 . 02535 03125 . 028 T/S2aa wa sue cee - 21875 QB 82s wus éewicvecs’ - 71875 
23 .02257 . 028125 025 BAe herecacareereee 25 O/B, oar bisssieos 75 
24 .02010 025 -022 O/S2e panineswwes <a . 28125 2O/ 82s a siecas eterna s - 78125 
25 -01790 021875 .020 DPN GOS as. satvia.s 3125 LS / 1G icc. 5 wires 8125 
26 .01594 .01875 .018 DT BD, «cous wvsead on eO4816: — QT/BQ ec ncnaeccesens - 84375 
27 01420 0171875 -016 B/S ic set sicsies s 3875 ULB. Do% stam se 875 
28 01264 .015625 .014 VRB eau ciara 9% .40625 20/32 ia. csiacsien-aveare -90625 
29 -01126 .0140625 013 TING. x3 eco 4375 LS/16ss5: cians -9375 
30 -01003 0125 012 W782. 5 52.0 aids ss .46875 DL SDs isesera-Rrisecdsare - 96875 
31 .008928 -0109375 .010 De cewceainae 5 Ms so rain ionawerarers Searerers 1.0 





SIGNAL ROTATOR SIGNAL SIGNAL 
EEECTRODE PLATE PLATE COLLECTOR 
Mi 





pede SNC 
RODE 
ee See 





SOCKET CONNECTIONS FOR CATHODE-RAY TUBES 


H denotes heater, C cathode, G grid, A anode, D deflecting plate, COLL collector. Inner rings of base diagram 
indicate socket connections; connections on. outer ring indicate bulb cap-type terminals. Views are from bottoms 
of tubes. In Diagrams J and N, signal plate cap and collector cap are located on bulb behind mosaic. 
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TABLE Xiili—RECTIFIERS—RECEIVING AND TRANSMITTING 
See also Table Xl — Control and Regulator Tubes 

























































































































































































































































































































































































































7 Eth. ay) Max. Max. Max. 
ta bag Name Base? sal Cathode nied a 6 gece —— Sa Type’ 
: iil Volts | Amps. Per Plate ee Wollane ony 
“BA : g Full-Wave Rectifier dain M.| 4J Cold | —— | —— 350 350 | Tube drop 80 v. G 
“BH - | FullkWave Rectifier 4-pinM,.| 4J Cold | —— — 350 125 | Tube drop 90 v, G 
&R | Half-Wave Rectifier | 4-pinM.| 4) | Cold | —— | —— | 300 | 50 |Tubsdropéov.| G 
“©Z4__| Full-Wave Rectifier | 6-pin 0.| 4R Cid | == | ——.| See | fos | 4e06 1 foo. | 
15 Half-Wave Rectifier | 4-pins. | 4G | He. | 63 | 0.3 350 | 50 | 1000 | 400 | M 
1-V5 Hall-Wave Rectifier | 4-pin S. 4G Her, 6.3 0.3 350 50 A fea ame iz 
2V3G | Hall-Wave Rectifier |6-pinO.| 6BA | Fi. | 25 | 50 | —— | 20 |16500| i2| V_ 
: 2W3 Half-Wave Rectifier | 5-pin OQ. | 4X Fil, 9.5 15 4 350 | 35 dace | sommes Vv ~ 
2x2 Half-Wave Rectifier | 4-pin M. 48 | oR | 85 4,75 | 45600 y 715 a, | ae v _ 
2¥2 | Half-Wave Rectifier | 4-pinM.| 4P | Fi, | 2&5 | 4.75) 4400"| 5.0 | ——~ |=] V 
2Z2 | HalhWave Rectifier |4-ninM.| 4B | Fi, | 25 | 1.5 | 350 | 50 | —|— | v 
514° | Full-Wave Rectifier | 5-pin O,| + bm | 50 | 30 450 | 950 | 1950 | 800 | v 
_S5U4G Full-Wave Rectifier | B-pin O.| 5T Fil 5.0 3.0 Same as Type 5Z3 _ : 
5V4G Full-Wave Rectifier | 8-pin O.| 5L “He, | 5.0 | 20 | Same as Type 83V Vv 
5W4 | Full-Wave Rectifier | 5-pinO.| 5T | Fil. | 5.0 | 1.5 | 350 | 140 | 1000| —— | Vv 
5X3 Full-Wave Rectifier |4-pinM.| 4¢ | Fi, | 5.0 | 20 | 1275 | 30 | —= | == |v 
p3X4G_| FulleWave Rectifier | 8-pinO.) 5Q | Fi, | 5.0 | 3.0 Same as 5Z3 ¥ 
" SY3G | Full-Wave Rectifier |5-pinO.| 5T | Fil, | 5.0 | 90 “Same atType8O || 
$5Y4G Full-Wave Rectifier | 8-pin O. 5Q a Fil, | 36 9.0 , Same as Type 80 Vv ” 
5Z3 FulkWateRacilier (dpinM! | 4¢°° | Fy, | 5.0 | 9.6 500 | 950 | i400] —— | y 
5Z42 | Full-Wave Rectifier |5-pinO.| 3L | He, | 5.0 | 20 | 400 | 195 | 1100| — | vy 
6W5G | Full-Wave Rectifier | 6-pinO.| 6S Ht. | 63 | 09 | 350 | 100 | 1950 | 350 | vy 
6x5 | Full-Wave Rectifier |6-pinO.| 68 | Ht. | 63 | 0.5 a) oe) | a 
—6Y5 | Full-Wave Rectifier | 6-pinS. | 6) He | 63 | 08 350 Laan ieee | @ 
6Z3 | Half-Wave Rectifier | 4-pinM.| 4G | Fil. | 63 | 0.3 | 350 | 50 | —— |— | vy 
6Z4 Full-Wave Rectifier |5-pinS. | 5D | He. | 63 | 0.5 | 350 | ee ag 
6Z5 _| Full-Wave Rectifier | 6-pinS. | 6K Me | 46 | oe | oO fw | | PY 
6ZY5G | Full-Wave Rectifier | 6-pinO.| 6S Ht. | 63 | 03 | 350 | 35 | 1000| 150 | v 
“7¥4 __| Full-Wave Rectifier |8-pinL. | 5AB | He. | 7.0% | 0.53 | 350 ra ee Pe are: 
7Z4 | Full-Wave Rectifier | 8-pin-L. | 5AB | Ht. | 7.0"| 0.96] 43¢i| 100 | 1250 | 300 | vy 
12A7 Rectifier-Pentode “ | 7-pin S. 7K Htr, | 12.6 0.3 195 30 = 1) ssc Vv 
1223 | Half-Wave Rectifier | 4-pinS. | 4G Ht. | 12.6 | 0.3 | 250 ee ees ee eer 
"12Z5 | Voltage-Doubling | 7-pin M.| 7L Ht. | 126 | 0.3 295 a es ae aes: 
Rectifier 
444 | Full-Wave Rectifier | 8-pinL. | 54B | Ht. | 14.0"] 032| 4$32:,| 70 | 1950 | 2910 | Vv 
“44Z3 | Half-Wave Rectifier | 4-pinS. | 4G Ht. | 142 | 03 250 ee ee ee ae 
“95A7G | Rectifier-Pentode | 8-pinO.| 8F He. |25 | 03 ioe |. 2 be— |) Y 
25X6GT | Voltage-Doubling T-pinO. | 7Q Htr. 25 0.15 125 60 —— —— Vv 
Rectifier 
25Y4GT | Half-Wave Rectifier | 6-pin O. 5AA Htr. 25 0.15 125 75 _ — Vv 
25Y5 | Voltage-Doubling | 6-pinS. | 6E “Ht, | 95 0.3 | 250 Ci —— | == | ¥ 
Rectifier + pee 
25Z3 Half-Wave Rectifier | 4-pin S, 4G Htr. | 25 0.3 250 50 — |— Vv 
25Z4 | Half-Wave Rectifier | 6-pin©.| SAA | Htr, | 95 0.3 a | a. | | 
25Z5 | Rectifier-Doubler | 6-pinS. | 6E Ht, | 25 0.3 125 | 100 | ——| 500 | V 
95Z6 | Rectifier-Doubler | 7-pinQ,| 7Q Ht, | 95 0.3 125 | 100 | —- | 500 | V 
-32L7GT -Rectifier-Tetrode 4 | 8-pinO,| 8F Htr. | 32.5 0.3 Vv 
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TABLE XIII — RECTIFIERS — RECEIVING AND TRANSMITTING — Continued 
See also Table XI — Control and Regulator Tubes 












































































































































































































































SS 
Fil. or Heater Max, Max. Max Max. 
Type Name Base 2 Feed Cathode von e ee — Pre Type? 
, tions? Volt A Per Plate een Voltage cone 
olts mps. a. a. 
35Y4 Half-Wave Rectifier | 8-pin O. 5AL Htr. 358 0.15 235 100 700 600 Vv 
35Z3-LT| Half-Wave Rectifier | 8-pin L. AZ Htr. 35 0.15 2508) 100 700 600 Vv 
“35Z4GT | Half-Wave Rectifier | 6-pinO.| 5AA | Htr. | 35 0.15 950 | 100 | —— | ——/| v 
35Z5G | Half-Wave Rectifier |6-pinO.| 6AD | Ht. | 35% | 0.15 35. | 100 | —— | | | Vv. 
35Z6G | Voltage Doubler | 6-pinO.| 6AD Ht, | 35 0.3 125 | 110 | —— | 500 Vv 
40Z5GT | Half-Wave Rectifier | 6-pin O. | 6AD Htr. | 408 0.15 195. | 400 | —— | ——= | Vv 
45Z3 Half-Wave Rectifier | 7-pin B. 5AM Htr. 45 0.075 117 65 350 390 Vv 
45Z5GT | Half-Wave Rectifier | 6-pinO.| 6AD Ht. | 455 015 | 195 (00 | = a (- y¥ 
50Y6GT | Full-Wave Rectifier | 7-pinO.| 7Q Htr. | 50 0.15 195° 8 |—|— lv 
50Z6G | Voltage-Doubling | 7-pinO.| 7Q Htr. | 50 03 | 495 | iso (Sa) 1 ¥ 
Rectifier 
50Z7G | Voltage-Doubling 8-pin O. 8AN Htr. 50 0.15 117 65 —_—— _ Vv 
Rectifier 
JOATGT| Rectifier-Tetrode* | 8-pinO.| 8AA | Htr. | 70 0.15 195 | (60 | as eee fy 
JOLIGT | Rectifier-Tetrode * | 8-pinO.| 8AA | Htr. | 70 015 | 117 40° | =| aso Vv 
‘| 350 | 195 
80 ) | Full-Wave Rectifier | 4-pin M.| 4C Fil. 5.0 2.0 400 110 — — Vv 
550 | 135 
81 Half-Wave Rectifier | 4-pin M.| 4B Fil. 75 1.25 700 85 —_— — Vv 
82 Full-Wave Rectifier | 4-pin M.| 4C Fil. 2.5 3.0 500 | 125 | 1400 | 400 M 
83 Full-Wave Rectifier | 4-pin M.| 4C Fil. 5.0 3.0 500 250 1400 800 M 
83-V Full-Wave Rectifier | 4-pin M.| 4L Htr. 5.0 2.0 400 200 1100 _ Vv 
84/6Z4 | Full-Wave Rectifier | 5-pinS. | 5D Ht. | 63 | 0.5 | 350 60 | 1000 | —— | v 
ULSI Rectifier-Tetrode 4 |8-pinO.| 8AO | Ht. |117 0.09 117 159) eo | sey 
417N7GT| Rectifier-Tetrode* | 8-pinO.| 8AV | Ht. [117 0.09 | 117 15 350 | 450 Vv 
117P7GT| Rectifier-Tetrode |8-pinO.| 8AV | Ht. [117 0.09 | 117 75 350 | 450 | Vv ~ 
117Z6GT| Full-Wave Rectifier | 7-pinO.| 7Q Htr. |117 0.075| 235 60 | 700 | 360 | V 
917-A | Half-Wave Rectifier | 4-pinJ. | T-3A‘ | Fil. | 10 | 3.25| —— | —— | 3500 | 600 | Vv 
217-C_ | Half-Wave Rectifier | 4-pin J. | T-3A4 | Fil. | 10 3.25 | —— | —— | 7500 | 600 Vv 
HK253 | Half-Wave Rectifier | 4-pin J. T-3A 4 Fil. 5.0 10 —_—_ ~ 350 10000 | 1500 Vv 
816 Half-Wave Rectifier | 4-pinS. | T-4AD‘ | Fil. 2.5 2.0 — 125 | 5000 | 500 M 
836 Half-Wave Rectifier | 4-pin M.| T-4AD‘4] Ht. | 2.5 5.0 | —— | —— | 5000 | 1000 Vv 
866A/866 | Half-Wave Rectifier | 4-pin M.| T-4AD‘|_ Fil. 985 5.0 —_— 250 1°|40000 | 1000 M 
866B | Half-Wave Rectifier | 4-pin M.| T-4AD‘|_ Fil. 5.0 5.0 — | — | 8500 | 1000 M 
866Jr._ | Half-Wave Rectifier | 4-pinM.| 4B Fil. 2.5 2.5 | 1250 250° M 
HY-866 Jr.| Half-Wave Rectifier | 4-pinM.| T-4AD‘| Ht. | 2.5 3.0 | 12950 | 250° | 3500 | —— | M 
RK-866 | Half-Wave Rectifier | 4-pin M.| T-4AD‘| Fil. 2.5 5.0 | —— | 250%/40000 | 1000 M 
871 Half-Wave Rectifier | 4-pin M.| T-4AD‘4|_ Fil. 2.5 2.0 1750 250 5000 500 M 
878 | Half-Wave Rectifier | 4-pin M.| T-4AD ‘| Fil. 2.5 5.0 | 7100 5 |20000 | —— | Vv 
87911 | Half-Wave Rectifier | 4-pinS. | T-4AD‘| Fil. 2.5 | 1.75 | 2650 7.5 | 7500 | 100 Vv 
872 Half-Wave Rectifier | 4-pinJ. | T-3A+ | Fil. 5.0 | 10.0 —— | —— | 7so0 | Sedo M 
872-A | Half-Wave Rectifier | 4-pin J. | T-3A‘4 | Fil. 5.0 | 10.0 — | — |10000 | 5000 M 
975A | Half-Wave Rectifier | 4-pin J. | T-3A4 | Fil. 5.0 | 10.0 —  |1500 |15000 | 6000 | M 
1616 Half-Wave Rectifier | 4-pin M. | T-3A 4 Fil. 2.5 5.0 _ 130 5500 800 Vv 
RK19 Full-Wave Rectifier | 4-pin M.| T-3A 4 Her. H Bs) 2.5 1250 200 1°; 3500 600 Vv 
RK21 Half-Wave Rectifier | 4-pin M.| T-4AD‘| Htr. | 2.5 4.0 1250 | 200%! 3500 | 600 Vv 
RK22 | Full-Wave Rectifier | 4-pin M.| T-4AG‘|_ Ht. 2.5 8.0 | 1250 | 200%] 3500 | 600 Vv 
RK60._| Full-Wave Rectifier | 4-pin M.| T-4AG‘|" Fil. 5 3.0 750 | 950 | 91290} ——-| Vv 

















1 Refer to Receiving Tube Diagrams. 


2. M.—medium; S,—small; O.—octal; L.—Loktal; J.—jumbo, 


B.—button. 
3 Metal tube series. 


4 Refer to Transmitting Tube Diagrams, 


5 Types 1 and 1-V 


interchangeable. 


6 With input choke of at least 20 henrys. 
7M.—Mercury-vapor type; V.—high-vacuum type; G.—Gas- 


eous Type. 


8 Tapped for pilot lamps. 


9 Per pair with choke input. 

10 Condenser input. 

1 For use with cathode-ray tubes. 

12 Maximum rating, corresponding to 130-volt line condition; 
normal rating is 12.6 v. for 117-v. line. 

13 With 100 ohms min. resistance in series with plate; without 
series resistor, maximum r.m.s. plate rating is 117 volts. 

14 For other data, see Table IX. 
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CHAPTER TWENTY-ONE 


Operating the Station 


THE TRANSMITTER should be ad- 
justed for satisfactory, stable operation. Do 
not try to work too near the edge of an ama- 
teur band. Keep well within the estimated ac- 
curacy of your frequency measuring equipment 
and means of measurement. Check frequency 
often. Crystal control provides a certain degree 
of ‘‘frequency insurance”? but do not omit 
checks for harmonics and parasitics that may 
be present with the signal, as well as for fre- 
quency changes due to quartz temperature 
or circuit element capacities if near a band 
edge. Other control methods require tremen- 
dously increased precautions. FCC monitoring 
stations are on the job of checking notes, fre- 
quency and other possible discrepancies, so 
it pays to be watchful. 

Method in operating is important, and in 
this chapter we shall discuss the common 
practices. The good operator does not sit down 
and send a long call when he wants to work 
someone. He listens in. He covers the dial 
thoroughly. The fellow that is admired for his 
good operating is the one who is always calling 
some particular station instead of using CQ. 
Because he listens until he hears someone to 
work and then goes after him, our good opera- 
tor gets his man nearly every time. A good op- 
erator chooses the proper time to call, he makes 
plain signals, and he does not call too long. A 
short call is sufficient because if a station does 
not get the call it is likely that he is listening to 
another station. A long call makes the receiv- 
ing operator lose patience and look for someone 
else. 

Pride in technique is the earmark of the 
successful amateur among his fellows. Code 
proficiency sets apart the real seasoned oper- 
ator from the one who builds equipment only 
to tear it apart again. Engineering or applied 
common sense are essential to both the oper- 
ator and experimenter. Operating ability is 
just as essential and important in radio-tele- 
phone operating as in code work — perhaps it 
is more essential and more rare, for under- 
standing of phonetics must contribute to con- 
ciseness with careful system, as in the airways 
service, for effective two-way work. The pen- 
alty for not having “what it takes” in operat- 
ing is ineffectiveness in results, as well as to win 
the name of ‘‘lid”’ by bungling. 

Too often the beginner-operator operates 


his set like a plaything; the aim should be to 
operate with a serious and constructive pur- 
pose, not for novelty or mere entertainment. 
It must be remembered that radio communica- 
tion is not an individual plaything but the 
interference one causes may affect many oth- 
ers. It may cause pleasure or expressions of 
annoyance depending on the care and thought- 
fulness with which one operates. All of this 
merely to introduce the plea that time be given 
to the brief study of operating technique before 
going on the air. 

Many the amateur who complains about his 
results or blames his equipment when the real 
fault was with proper timing of calls and fail- 
ure to do enough intelligent listening. Patience 
and judgment, and familiarity with tuning 
methods and ways, and standard procedures 
are absolutely essential to full success and 
enjoyment. 

The operator who sends forty or more CQs 


‘and signs two or three times in a slipshod man- 


ner gains the respect of no one. His call may 
be impossible to identify. His lack of operating 
judgment seriously impairs and handicaps his 
own success and enjoyment in addition to caus- 
ing other amateurs to form an unfavorable 
opinion of his work and the uncalled-for inter- 
ference he creates. By. proper procedure the 
number of two-way contacts (QSOs) and the 
enjoyment and profit in each will be a maxi- 
mum. 

The adjustment on the receiver has much to 
do with successful operation, too. The good 
receiving operator notes the dial setting and 
when he has completed calling in proper fash- 
ion, he waits a moment and then tunes above 
or below the logged dial setting just in case 
something has shifted slightly in the receiver 
or transmitter. The best operator has patience 
and waits a few minutes in case of delay at the 
transmitter or in case fading signals make a 
second answer necessary. Upon the station 
and its operation depend the possibility of good 
communication records. 

An operator with a clean-cut, slow, steady 
method of sending has a big advantage over 
the poor operator. Good sending is partly a 
matter of practice but patience and judgment 
are just as important qualities of an operator 
as a good “‘fist.”’ 

Accuracy is of first importance. Then speed 
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must be considered. Very often, transmission 
at moderate speeds moves traffic or insures 
understandable conversation better than fast 
sending. A great deal depends on the profi- 
ciency and good judgment of the two operators 
concerned. Fast sending is helpful only when 
two fast operators work together. 

As time is a factor, uniform practices in 
operating are necessary to insure a ready un- 
derstanding. So proficiency in the commonly- 
used abbreviations and in knowledge of uni- 
form operating practices is to be desired. Pro- 
ficiency comes with practice. In Chapter 
Twenty-Two are the ‘‘Q” signals used by 
amateur operators. 


® PROCEDURE 


Official ARRL Stations observe the rules 
regarded as ‘‘standard practice” carefully. 
Any actively-operating stations will do well to 
copy these rules, to post them conspicuously 
in the station, and to follow them when op- 
erating. 

1. Calls should be made by transmitting 
not more than three times the call signal of the 
station called, and DE, followed by one’s own 
call signal sent not more than three times, thus: 
VE2BE VE2BE VE2BE DE W1AW WIAW 
W1AW. In amateur practice this form is re- 
peated completely once or twice. The call 
signal of the calling station must be inserted at 
frequent intervals for identification purposes. 
Repeating the call signal of the called station 
five times and signing not more than twice has 
proved excellent practice in connection with 
break-in operation (the receiver being kept 
tuned to the frequency of the called station). 
The use of a break-in system is highly reeom- 
mended to save time and reduce unnecessary 
interference. 

The ARRL method of using the general 
inquiry call (CQ) is also that of calling three 
times, signing three times, and repeating three 
times. CQ is not to be used when testing or 
when the sender is not expecting or looking for 
an answer. After CQ, the dial should be cov- 
ered thoroughly for two or three minutes look- 
ing for replies. 

The directional CQ: To reduce the number 
of useless answers and lessen QRM, every CQ 
call should be made informative when possible. 
Stations desiring communication should follow 
each CQ by an indication of direction, district, 
state, continent, country or the like. Examples: 


A United States station looking for any Hawaiian ama- 
teur calls: CQ K6 CQ K6 CQ K6 DE WIUE WIUE WI1UE 
K. A western station with traffic for the east coast when 
looking for an intermediate relay station calls: CQ EAST 
CQ EAST CQ EAST DE W5CEZ W5CEZ W5CEZ K. A 
station with messages for points in Massachusetts calls: CQ 
MASS CQ MASS CQ MASS DE W8KKG W8KKG 
W8KKG K. In each example indicated it is understood that 
the combination used is repeated three times. 


Operating the Station 


2. Answering a call: Call three times (or 
less); send DE; sign three times (or less); and 
after contact is established decrease the use 
of the call signals of both stations to once or 
twice. Example: 


WIGNF DE WIAW GE OM GA K (meaning, ‘‘Good 
evening, old man, go ahead’’). 


3. Ending signals and sign off: The proper 
use of AR, K and VA ending signals is as fol- 


lows: AR (end of transmission) shall be used 
at the end of messages during communication; 
and also at the end of a call, indicating when so 
used that communication.ts not yet established. 
In the case of CQ calls, the international regu- 
lations recommend that K shall follow. K (in- 
vitation to transmit) shall also be used at the 
end of each transmission when answering or 
working another station, carrying the signifi- 


cance of ‘‘go ahead.”’ VA (or SK) shall be used 
by each station only when signing off, this fol- 
lowed by the call of the station being worked 
and your own call sent once for identification 
purposes. Examples: 


(AR) — W1KQY DE WICTI AR (showing that WICTI 
has not yet gotten in touch with W1KQY but has called and 
is now listening for his reply). Used after the signature be- 
tween messages, it indicates the end of one message. There 
may be a slight pause before starting the second of the series 
of messages. The courteous and thoughtful operator allows 
time for the receiving operator to enter the time on the 
message and put another blank in readiness for the traffic 
to come. If K is added it means that the operator wishes his 
first message acknowledged before going on with the second 
message. If no K is heard, preparations should be made to 
continue copying. 

(K) — W1JEQ DE W6AJM R K. (This arrangement is 
very often used for the acknowledgment of a transmission. 
When anyone overhears this he at once knows that the two 
stations are in touch, communicating with each other, that 
W1JEQ’s transmission was all understood by W6AJM, and 
that W6AJM is telling W1JEQ to go ahead with more of 
what he has to say.) W9KJY DE W7NH NR 28 R K. (Evi- 
dently W9KJY is sending messages to W7NH. The contact 
is good. The message was all received correctly. W7NH tells 
W9KJY to “go ahead’”’ with more.) 

(VA) —R NM NW CUL VY 73 AR VA W6TI DE 
W7WY. (W7WY says ‘“‘I understand OK, no more now, see 
you later, very best regards. I am through with you for now 
and will listen for whomever wishes to call. W7WY signing 
off” with W6TI.) 


4. If a station sends test signals to adjust 
the transmitter or at the request of another 
station to permit the latter to adjust its re- 
ceiving apparatus, the signals must be com- 
posed of a series of V’s with the call signal of 
the transmitting station at frequent intervals. 

5. When a station receives a call without 
being certain that the call is intended for it, 
it should not reply until the call has been re- 
peated and is understood. If it receives the call 
but is uncertain of the call signal of the send- 
ing station, it should answer using the signal 
+ +——- > (?) instead of the call signal of this 
latter station. QRZ? (see Appendix) is the 
appropriate signal to use, followed by your call, 
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to ask who is calling and get this station to 
call again. 

6. Several radiograms may be transmitted 
in series (QSG..... ) with the consent of 
the station which is to receive them. As a gen- 
eral rule, long radiograms should be trans- 
mitted in sections of approximately fifty words, 
each ending with - -——-- (?) meaning, 
‘Have you received the message correctly 
thus far?” 

7. Receipting for conversation or traffic: 
Never send a single acknowledgment until the 
transmission has been entirely received. ““R” 
means, ‘All right, OK, I understand com- 
pletely.” When a poor operator, commonly 
called a ‘‘lid,” has only received part of a mes- 
sage, he answers, “RRRRRRRRRR, 
sorry, missed address and text, pse repeat” 
and every good operator who hears, raves in- 
wardly. Use R only when all is received cor- 
rectly. Example: 

When all the message has been received correctly a short 
call with ‘‘NR 155 R K” or simply “155 K”’ is sufficient. 

8. Repeats: When most of the message was 
lost the call should be followed by the correct 
abbreviations (see Appendix) from the inter- 
national list, asking for a repetition of the ad- 
dress, text, etc. (RPT ADR AND TXT K.) 
When but a few words were lost the last word 
received correctly is given after 7AA, meaning 
that ‘‘all after’”’ this should be repeated. ?7AB 
for ‘‘all before’’ a stated word should be used 
if most of the first part of the copy is missing. 
BIN “x54 AND ..... (two stated words) 
asks for a fill ‘‘between” certain sections. If 
only a word or two is lost this is the quickest 
method to get it repeated. 

Do not send words twice (QSZ) unless it is 
requested. Send single. Do not fall into the 
bad habit of sending double without a request 
from fellows you work. 

Do not accept or start incomplete messages. 

9. A file of messages handled must be kept, 
FCC regulations requiring that they be main- 
tained on hand at least one year. 

10. The operator will never make changes or 
alterations in the texts or other portions of mes- 
sages passing through his hands. However 
slight or however desirable such changes may 
seem, the changing of a message without proper 
authority or without the knowledge of the 
originator of the message may be considered 
the “unpardonable sin.’’ The proper thing to 
do of course is to notify the party filing the 
message or the originating station of your 
observations, secure permission from the 
proper source for making the change by send- 
ing a “‘service message’’ or other means. If the 
case seems urgent, the traffic should not be 
delayed but should be delivered or forwarded 
with appropriate notation or service accom- 
panying it. 
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© ACTIVITIES — CONTESTS 

Operating in the amateur bands offers many 
thrills. Routine communication is possible, but 
even the most consistent and reliable commu- 
nication by amateur radio is not at all limited 
to routine. The “‘unexpected”’ is always around 
the corner. A pleasant experience may arrive in 
the form of unusual DX, a renewed friendship 
over the air, a chance to render message service 
in some special case, or a sudden communica- 
tion emergency in which one may play a 
part. 

Special activities are sponsored by the 
American Radio Relay League, adding to ham 
interest and fraternalism at the same time 
opportunity is given for testing station per- 
formance over definite periods, making new 
friendships and QSOs, and developing operat- 
ing technique. 

Contest activities are diversified as greatly 
as possible to appeal to every classification of 
amateur interest showing a desire to partici- 
pate. The most well known of all are the an- 
nual Sweepstakes, and the Field Day, appeal- 
ing to all groups. 

The annual Navy Day Receiving Com- 
petition is managed by the ARRL in late 
October, an opportunity for any receiving 
ham to check his copying ability and profi- 


ciency by getting the telegraphic dispatches 


sent from NAA and NPG to amateurs on the 
occasion of Navy Day, October 27th. An 
“honor roll’”’ in QST and letters of commenda- 
tion follow this event. 

One of the very biggest events of the year 
is the annual Sweepstakes Contest which has 
potentialities of operating fun and new QSOs 
for everybody, the operation extending to all 
bands. Each November the rules for this are 
announced. A large number of contacts, new 
stations, new Sections and other operating 
records are always reported in and after the 
“SS” and the spirit of fraternalism prevails. 
The magic key to open the door to QSOs, new 
and old, during the Sweepstakes is a CQ SS, 
sent in a snappy manner, by any ham, any- 
where in the 71 ARRL Sections. 

Of major importance in the League’s op- 
erating program, is the annual ARRL Field 
Day held on a week-end in June, combining 
the out-of-door opportunities with the Field 
testing of portables. As in all our operating, 
the idea of having a good time is combined 
with the more serious thought of preparing 
ourselves to shoulder the communication load 
as emergencies turn up and the occasion re- 
quires. A premium is placed on the use of low 
or medium power, on portability, and on 
the use of equipment without connection to 
commercial sources of power supply. Clubs 
as well as individuals have a major part in 
this. 
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®GENERAL PRACTICES 


The signal ‘““V” is used for testing. When 
one station has trouble in receiving, the op- 
‘erator asks the transmitting station to ‘“QSV”’ 
while he tries to adjust his receiving set for 
better reception. A decimal point is often sent 
by the letter ‘“‘R.’”? Example: 2:30 PM is sent 
“2R30PM.” A long dash for ‘“‘zero”’ and the 
Morse C (.. .) for “clear” are in common 
use. Figures are best spelled out in texts, for 
highest accuracy. An operator who misses di- 
rections for a repeat will send ‘‘4,”’ meaning, 
‘“‘Please start me, where?”’ NFT for ‘‘no filing 
time” is common. 

The law concerning superfluous signals 
should be noted carefully by every amateur. 
Do not hold the key down for long periods of 
time when testing or thinking of something 
to send. If you must test, disconnect the an- 
tenna system and use an equivalent ‘‘dummy”’ 
antenna (made of lumped resistance, capacity 
and inductance). Send your call frequently 
when operating with the antenna. Pick a time 
for adjusting the station apparatus when few 
stations will be bothered. 

Long calls after communication has been 
established are unnecessary and inexcusable. 
The up-to-date amateur station uses a 
“break-in”? system of operation and just one 
switch controlling the power supply to the 
transmitter. The best sending speed is a me- 
dium speed with the letters quickly formed and 
sent evenly with proper spacing. The standard 
type telegraph key is best for all-round use. 
Before any freak keys are used a few months 
should be spent listening-in and practicing with 
a buzzer. Regular daily practice periods, two 
or three half hour periods a day, are best to 
acquire real familiarity and proficiency with 
code. 

No excuse can be made for a “‘ garbled” text. 
Operators should copy what is sent and refuse 
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Operating the Ste tion 


to acknowledge messages until every word has 
been received correctly. Good operators never 
guess. “‘Swing”’ in a fist is not the mark of a 
good operator, is undesirable. Unusual words 
are sent twice, the word repeated following 
transmission of ‘‘?”’. If not sure, good operators 
systematically ask for fills or repeats. 

Don’t say, “QRM” or “QRN” when you 
mean “QRS.” 

Don’t acknowledge any message until you 
have received it completely. 

Don’t CQ unless there is definite reason for 
so doing. When sending CQ, use judgment. 
Sign your call frequently, interspersed with 
calls, and at the end of all transmissions. 

Abbreviated standard procedure deserves a 
word in the interest of brevity on the air. Ab- 
breviated practices help to cut down unneces- 
sary transmission. However, make it a rule not 
to abbreviate unnecessarily when working an 
operator of unknown experience. 

NIL is shorter than QRU CU NEXT 
SKED. Instead of using the completely spelled 
out preamble HR MSG NR 287 W1GME CK 
18 MIDDLEBURY CONN OCTOBER 28 
TO, ete., transmission can be saved by using 
287 W1GME 18 MIDDLEBURY CT OCT 28 
TO, etc. One more thing that conserves operat- 
ing time is the cultivation of the operating 
practice of writing down “287 W1UE 615P 
11/13/37” with the free hand during the send- 
ing of the next message. 

“Handling” a message always includes the 
transmission and receipt of radio acknowledg- 
ment (QSL) of same, and entry of date, time 
and station call on the traffic, as handled, for 
purposes of record. 


e PROCEDURE FOR VOICE WORK 


Most broadcasting work is casual and 
merely one-way communication while amateur 
radio and point-to-point services such as the 


One of these Proficiency Certificates may 
be awarded to you. Try for it, by copying 
W1AW at 1:30 and 9:45 P.M. EST on dates 
announced in QST for monthly official qualify- 
ing runs. If you can do 15, 20, 25, 30 or 35 
w.p.m. your certificate will so state! Every 
FCC amateur licensee is eligible. 

The material is sent simultaneously on 
1761, 3575, 7150, 14,254, 28,510, and 58,968 
ke. from W1AW. There are practice runs 
starting at 9:45 P.M. EST daily, except 
Friday, from WIAW. 
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airways require the specific attention of the 
listener, and receipting for all transmissions. 
The International Telecommunications Con- 
vention and the supplementary regulations 
thereto prescribe method and system for time 
saving and maximum understandability. The 
most effective amateur voice operation con- 
forms closely, where accuracy is the required 
objective, and examples of such procedure in 
accordance with the universal practice will 
be given. The general practices of radio extend 
to voice and telegraph alike and may be fol- 
lowed with the special voice procedure men- 
tioned. 

At the start of communication the calling 
formula is spoken twice by both the station 
called and the calling station. After contact is 
established it is spoken once only. Examples: 

W5QL calls: ‘Hello W3JZ Philadelphia, hello W3JZ 
Philadelphia, W5QL Oklahoma City calling, W5QL Okla- 
homa City calling, message for you, message for you, come 
in please.” 

W3JZ replies: “Hello W5QL Oklahoma City, hello 
W5QL Oklahoma City, W3JZ Philadelphia answering, 
W3JZ Philadelphia answering, send your message, send 
your message, come in please.” 

W5QL replies: ‘Hello W3JZ Philadelphia, W5QL Okla- 
homa City answering, the message begins, from Oklahoma 
City Oklahoma W5QL number ........ {usual preamble, 
address, text, signature, etc.], message ends; I repeat, the 
message begins, from Oklahoma City Oklahoma W5QL 
number ...... {repetition of preamble, address, text, sig- 
nature, etc.], message ends, come in please.” 

W3JZ replies: ‘Hello W5QL Oklahoma City, W3JZ 
Philadelphia answering, your message begins, from Okla- 
homa City Oklahoma W5QL number ...... [repetition of 
complete message], end of your message, come in please.” 

W5QL replies: “Hello W3JZ Philadelphia, W5QL 
Oklahoma City answering, you have the message correctly, 


you have the message correctly, W5QL Oklahoma City 
signing with W3JZ.” 


Note that in handling traffic by voice, mes- 
sages are repeated twice for accuracy, using the 
word list to spell names and prevent misunder- 
standings. The receiving station must repeat 
the message back in addition. Only when the 
sender confirms the repetition as correct can 
the message be regarded as handled. 


@ WORD LIST FOR ACCURATE 
TRANSMISSION 


When sending messages containing radio 
calls or initials likely to be confused and where 
errors must be avoided, the calls or initials 
should be thrown into short code words: 


A— ABLE J— sia S — saIL 
B— Boy K — KING T — TARE 
C — cast L— LovE U— ovnit 
D— poe M — MIKE V — VICE 
E — pasy N— Nan W — watcu 
F — rox O — OBOE X — X-RAY 
G — GEORGE P — Pup Y — YOKE 
H — HAVE Q— quack Z— ZED 

I — 1TEM R— Ror 


Example: W1BCG is sent as WATCH ONE 
BOY CAST GEORGE. 
A somewhat different list can be obtained 
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KEEP AN ACCURATE AND COMPLETE 
STATION LOG AT ALL TIMES! 
THE F.C.C. REQUIRES IT 


The official ARRL log is shown above, answering 
every government requirement in respect to station 
records. Bound logs made up in accord with the above 
form can be obtained from Headquarters for a nomi- 
nal sum or you can prepare your own, in which case 
we offer this form as a suggestion, hoping that you find 
it worthy of adoption. Every station must keep some 
sort of a log. The above log has a special wire binding 
and lies perfectly flat on the table. 


from the local Western Union telegraph office 
and posted beside the telephone to use when 
telephoning messages containing initials and 
difficult words. Such code words prevent errors 
due to phonetic similarity. Here is the Western 
Union word-list: 


A — ADAMS J — JOHN S — sucar 
B — Boston K — KING T — THOMAS 
C — cHIcaGo L — LINCOLN U — UNION 
D — DENVER M — MARY V — VICTOR 
E — EDWARD N — NEW YORK W — WILLiaM 
F — Frank O — ocEAN X — X-RAY 
G — GEORGE P — PETER Y — Youne 
H — HENRY Q — QuEEN Z — ZERO 


I— ma R — ROBERT 


Names of states and countries are often used 
for identifying letters in amateur radiotele- 
phone work, the possible objection being the 
confusion of the names of places with the 
station’s location. It is recommended by 
ARRL that use of special abbreviations such 
as Q code be minimized insofar as possible in 
voice work, and that full expression (with con- 
ciseness) be substituted. OPS have adopted 
the Western Union word list as ARRL prac- 
tice for avoiding difficulty with phonetic 
similarity. All word lists should be used in 
moderation, as necessary in avoiding mis- 
understanding, and at the end of calls not 
more than once. 


@USING A BREAK-IN SYSTEM 


If you aim to have the best, and every ham 
does, you will have break-in, whether of the 
push-to-talk or open the key variety, but if you 
haven’t the ideal installation yet, by all means 
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operate intelligently and take every advantage 
of the other fellow’s facilities when break-in is 
offered! Break-in avoids unnecessarily long 
calls, prevents QRM, gives you more com- 
munication per hour of operating. Brief calls 
with frequent short pauses for reply can ap- 
proach (but not equal) break-in efficiency. 

A separate receiving antenna makes it pos- 
sible to listen to most stations while the trans- 
mitting tubes are lighted. It is only necessary 
with break-in to pause just a moment occa- 
sionally when the key is up (or to cut the 
carrier momentarily and pause in a ’phone 
conversation) to listen for the other station. 
The click when the carrier is cut off is as 
effective as the word ‘‘break.”’ 

For ’phone a push button to put the carrier 
on the.air only while talking is a completely 
practical device, and amateur ’phone operators 
would do well to emulate the push-to-talk 
efficiency of the airways operators to improve 
conditions in the ’phone bands. 

C.w. telegraph break-in is usually simple to 
arrange. With break-in, ideas and messages to 
be transmitted can be pulled right through the 
holes in the QRM. Snappy, effective, efficient, 
enjoyable amateur work really requires but a 
simple switching arrangement in your station 
to cut off the power and switch ’phones from 
monitor to receiver. If trouble occurs the send- 
ing station can “‘stand by” (QRX), or it can 
take traffic until the reception conditions at 
the distant point are again good. 

In calling, the transmitting operator sends 
the letters ‘‘BK,” ‘‘BK IN,” or ‘BK ME” at 
frequent intervals during his call so that sta- 
tions hearing the call may know that a break-in 
is in use and take advantage of the fact. He 
pauses at intervals during his call, to listen for 
a moment for a reply from the station being 
called. If the station being called does not 
answer, the call can be continued. If the station 
called answers someone else, he will be heard 
and the calling can be broken off. With full 
break-in, transmitter may be remotely con- 
trolled so no receiver switching is necessary. 
A tap of the key, and the man on the receiving 
end can interrupt (if a word is missed) since 
the receiver is monitoring, awaiting Just such 
directions constantly. But it is not necessary 
that you have such complete perfect facilities 
to take advantage of break-in when the sta- 
tions you work are break-in equipped. It is 
not intelligent handling of a station or coépera- 
tion with an operator advertising that he has 
“bk in” with his calls, to sit idly by minute 
after minute of a properly sent call. After 
the first invitation to break is given and at 
each subsequent pause turn on your trans- 
mitter and tap your key—and you will 
find that conversation or business can start 
immediately. 
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@® KEEPING A LOG 


The FCC requires every amateur‘to keep 
a complete station operating record. It' may 
also contain records of experimental tests and 
adjustment data. A stenographer’s notebook 
can be ruled with vertical lines in any form to 
suit the user. The Federal Communications 
Commission requirements are that a log be 
maintained which shows (1) the date and time 
of each transmission, (2) all calls and transmis- 
sions made (whether two way contacts re- 
sulted or not), (3) the input power to the last 
stage of the transmitter, (4) the frequency 
band used, (5) the time of ending each QSO 
and the operator’s identifying signature for 
responsibility for each session of operating. 
Messages may be written in the log or separate 
records kept — but record must be made for 
one year as required by the FCC. For the 
convenience of amateurs ARRL stocks both 
log books and message blanks, and if one uses 
the official log he is sure to fully comply with 
the government requirements if the precau- 
tions and suggestions included in the log are 
followed. 


@R-S-T SYSTEM OF SIGNAL REPORTS 


The R-S-T system is an abbreviated method 
of indicating the main characteristics of a re- 


READABILITY 
1 — Unreadable 
2—Barely readable, occasional words dis- 
tinguishable 
3.— Readable with considerable difficulty 
4 — Readable with practically no difficulty 
5 — Perfectly readable 


SIGNAL STRENGTH 


1 — Faint — signals barely perceptible 
2— Very weak signals 

3 — Weak signals 

4 — Fair signals 

5 — Fairly good signals 

6 — Good signals 

7 — Moderately strong signals 

& — Strong signals 


9 — Extremely strong signals 


TONE 


1 — Extremely rough hissing note 

2—Very rough a.c. note, no trace of musical- 
ity 

3— Rough, low-pitched a.c. 
musical 

4 — Rather rough a.c. note, moderately musi- 
cal 

5 — Musically modulated note 

6 — Modulated note, slight trace of whistle 

7 — Near d.c. note, smooth ripple 

8 — Good d.c. note, just a trace of ripple 

9 — Purest d.c. note 

(if the note appears to be crystal controlled 
simply add an X after the appropriate num- 
ber.) 


note, slightly 
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ceived signal, the Readability, Signal Strength, 
and Tone. The letters R-S-T determine the 
order of sending the report. In asking for this 
form of report, one transmits RST? or simply 
QRK? 

Such a signal report as ‘‘RST 387X” (ab- 
breviated to 387X) will be interpreted as 
“Your signals are readable with considerable 
difficulty; good signals (strength); near d.c. 
note, smooth ripple; crystal characteristic 
noticed.” Unless it is desired to comment in 
regard to a crystal characteristic of the signal, 
a single three-numerical group will constitute a 
complete report on an amateur signal. The 
R-S-T system is the standard ARRL method 
of reporting. Various report combinations are 
based on the table. 


® EMERGENCY OPERATING 
PRECAUTIONS! 


In emergency operating a fine sense of dis- 
crimination is necessary. Desire to help 
through transmitting participation is often a 
dangerous thing. Careful listening locates sta- 
tions, places, nets, keeps general calls at 
minimum and enables handling traffic effi- 
ciently responsive to the CQ of an emergency 
area station. ‘‘Talking it over’? and general 
chatter should be reserved until emergency 
conditions no longer exist. 

As soon as the FCC has ‘‘declared”’ a con- 
dition of general communications emergency, 
special amateur regulations (Sec. 152.54) 
govern absolutely, with the following pro- 
visions effective until the Commission de- 
clares the emergency ended: 


1. No transmissions in the 80- or 160-meter bands 
may be made except those relating to the relief or 
emergency service. Casual conversation, incidental 
calling or testing, remarks not pertinent to the 
constructive handling of the emergency commu- 
nications, shall be prohibited. 

2. 25-ke. band-edge segments shall be reserved at 
all times for (a) emergency calling channels, (b) 
initial calls from the isolated, (c) first calls initiat- 
ing dispatch of important priority relief matters. 
All stations shall, for general communication, shift 
to other within-band frequencies for carrying on 
communication. The channels for calling ONLY, 
im emergencies, are: 2025-2050, 3500-3525 and 
3975-4000 kes. 

3. Hourly observance of mandatory quiet or lis- 
tening periods, the first five minutes of each hour. 
(No calls may be answered in this period. Only 
“utmost priority’’ traffic may continue.) 

4. For promulgating the emergency-declaration, 
for policing-warning-observing work in 1750-2050 
and 3500-4000 ke. bands, FCC may designate cer- 
tain amateur stations. Announcements from these 
stations will be identified by their reference to Sec. 
12.155 by number, and their specification of the 
date of the FCC’s declaration, with statement of 
the area and nature of the emergency. 


Where a communications emergency is part 
of a general emergency accompanied by relief 
problems and movements of the population it 
will be found that many refugees are created 


by the situation and deliveries of ingoing mes- 
sages to these people are well nigh impossible. 
There is great good will as a result of handling 
personal safety messages in each instance 
where delivery can be effected, but it must be 
remembered that relief problems of the com- 
munity at large, official messages from Red 
Cross, military and civic officials have absolute 
priority. Radio circuits must carry the im- 
portant messages first, and when personal 
safety messages are permissible in the judg- 
ment of operators in the affected area it is even 
then much more profitable to have the burden 
of traffic outgoing messages of safety rather 
than requests for investigating safety which 
cannot be acted upon except at a deferred date. 
Organization must avoid unnecessary duplica- 
tion of channels, must load telegraph circuits 
properly to avoid congesting telephone chan- 
nels where fewer circuits are available. Mes- 
sages should be routed for point to point 
delivery by a single channel, and no irritating 
duplications or repeating of the same messages 
(broadcast) be permitted where this can be 
avoided. The function of broadcasting stations 
is to reach the public, that of amateur stations 
to handle point to point information efficiently 
with as little public excitement as possible and 
maximum secrecy for texts of official messages 
and any information that might start rumors. 

It is important that originating stations 
number their messages and put them in standard 
form. That makes the work systematic and 
respected and takes it out of the hit or miss 
classification into which casual exchanges fall 
in the minds of recipients. Such method in all 
amateur work instantly nails duplicate mes- 
sages, makes tracing possible, and makes 
amateur performance comparable with that of 
other communication services. 

Unauthorized broadcasting and modifying 
of broadcasts addressed to the amateur serv- 
ice has caused difficulty in major emergencies 
of recent years. Rumors are started by unin- 
telligent expansion or contraction (and subse- 
quent repetitions) of broadcast dispatches. It is 
improper and deserving of censure and severe 
penalties to delete essential limiting words that 
qualify a message, to expand, exaggerate, or 
alter meanings. Broadcasts should include 
their source and authority; they should be 
repeated exactly if at all, or not repeated; 
League and FCC transmissions through vigi- 
lante appointees in emergencies of the future 
will as in the past extend no authority, or 
specified limited authority, to rebroadcast. 

The League’s Emergency Corps has adopted 
the principles tabulated for ‘‘before — in — 
after emergencies’’ and in addition is pledged 
to a man to observe the following: 


. . to confirm the authenticity of reports, and as a re- 
sponsible individual avoid publication or transmission of 
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any rumor, except labelled as such. (Vital information 

should be released only when verified by proper authority. 

Make your operation in connection with official agencies 

such as the Red Cross, civil and military authorities so that 

messages may be signed by officials in as many cases as 
possible.) 

. to work closely with any ARRL (city or regional) 
Bmerscady Coérdinator that may be appointed. Also to 
coéperate with Section Communications Manager, Route 
Manager, or Phone Activities Manager in any definite steps 
for emergency organization. 

. to have proper regard to priority of communications. 
To keep quiet (QRX) as much as possible to reduce inter- 
ference. Priority is normally determined within the emer- 
gency zone itself. 

. to become acquainted with the special frequencies 
and facilities of organized amateur groups, the AARS and 
USNR. 

. to use QRR only if necessary, and then use it cor- 
rectly. (It may ONLY be used by a station in an emergency 
zone with an actual distress message.) 


A.R.R.L. — AMERICAN RED CROSS 
UNDERSTANDING 


The purpose of this wniorepanding between the 
American Red Cross and the American Radio 
Relay League is to secure maximum coéperation 
in time of disaster. The Board of Directors of the 
American Radio Relay League at its meeting June 
1, 1940, considered the relationships of the Amer- 
ican amateur radio fraternity with the American 
Red Cross in time of disasters involving disruption 
of communication. 

The American Radio Relay League recognizes 
the American Red Cross as the agency chartered 
by Congress to represent the American people in 
carrying on disaster relief and therefore as the 
primary agency. 

The American Red Cross recognizes that the 
amateur radio service, because of its excellent 
geographical station coverage, and especially the 
available stations possessing emergency power 
supply, can render valuable aid in reéstablishing 
communication when other facilities have been 
disrupted. 

The American Red Cross welcomes the codpera- 
tion of the American Radio Relay League with 
local Red Cross chapters to extend radio planning 
into chapter jurisdictions and to correlate amateur 
radio operations to assure the best possible com- 
munications by such facilities. This codperation 
with American Red Cross chapters may be fur- 
thered by individual chapters’ designation of an 
American Radio Relay League Emergency Co- 
ordinator to serve as a member of the Red Cross 
Chapter Sub-Committee on Transportation and 
Communication as recommended in the Chapter 
Disaster Preparedness & Relief Manual, ARC 209. 





® EMERGENCY COMMUNICATION! 


A communications emergency occurs when- 
ever normal facilities are interrupted or over- 
loaded, and may or may not involve general 
public participation. A communications emer- 
gency need not involve a public relief or welfare 
emergency, but the latter condition usually is 
accompanied by a communications emergency. 

In scores of emergencies radio amateurs have 
given a good account of themselves. Radio 
has proved the only agency to span the gap 
with power failing and wires down. Since our 
amateur stations are of the most numerous 
class licensed, because they are located any- 
where and everywhere, many are located 
strategically to give an account of them- 


Operating the Sition 


BEFORE EMERGENCIES 


Be ready, with emergency power 
supply. Six-volt tubes in exciters and 
receivers make for convertibility and 
utility in portable work where gas 
engine generators are not available. 
Overhaul and test periodically. 

Test set operator ability in ARRL 
Field Day and Contests. Give local 
officials and agencies your address; 
explain amateur facilities; act via the 
ARRL Emergency Coérdinator wher- 
ever one is appointed. 


IN EMERGENCY 


REPORT at once to the ARRL 
Emergency Codrdinator so he will 
have full data on availability of sta- 
tions — operators — circuits. Work di- 
rect with agencies we serve where no 
appointed official is in charge, and 
when so assigned. 

CHECK station operating facilities; 
offer services to all who may use them, 
via Coérdinator or helping official 
where one is available. 

QRR is the official ARRL “land 
SOS,”’ a distress call for emergency 
uses only . . . for use only by station 
asking assistance. 

RESTRICT all work in accord with 
FCC regulations,? Sec. 12.155, as soon 
as FCC has “declared” a state of 
communications emergency. 

THE KEY STATION in emergency 
zone is the first and the supreme au- 
thority for priority and traffic routing 
in the early stages of emergency relief 
communications. 

PRIORITY must be given messages 
in the general public interest (relief 
plans, re food, medicine, necessities). 
Press reports and personal assurance 
messages can then be handled if 
practicable, 


COOPERATION is required of all 
amateurs with those we serve; with 
other communication agencies. Don’t 
clutter air with CQs. The majority 
of amateurs must listen in; QRX, 
avoid QRMing. Be ready to help; op- 
erate as intelligently as _ possible; 
codperate by staying off the air while 
vital information and relief measures 
are handled, if stations able to help as 
well as yours are on the job. (CQ 
STORM AREA is nothing but “more 
QRM.’’) 


AFTER EMERGENCIES 


REPORT to ARRL as soon as pos- 
sible and as fully as possible so ama- 
teur radio can receive full credit. Ama- 
teur radio communication in 52 major 
disasters since 1919 has won glowing 
public tribute. Maintain this record. 
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selves as need arises. Those amateurs best 
prepared before trouble comes are credited 
with having played most important parts. It 
should be a matter of pride with every amateur 
to fit himself as a superlative operator, and 
equip himself with apparatus with an eye to 
emergencies when power may evaporate from 
customary commercial sources with a view to 
carrying on the vital service of amateur com- 
munication if urgent opportunity for a service 
large or small arrives. 

We serve best by manning a few powerful, 
best situated stations with amateur operators 
in 8-hour shifts, rather than inadequately 
manning too many amateur stations with over- 
worked operators creating band congestion. 

Those we serve in widespread emergency are 
the Red Cross, civil and military authorities, 
transportation agencies, power-gas-light-water 
utilities, the Coast Guard, Army engineers and 
others. In doing this we often work hand in 
hand with other wire and radio services as well 
as with each other. 

In the event of new cases of serious and 
widespread communications emergency, it is 
likely that the FCC will follow precedent 
(and its regulations, Sec. 12.155) and again 
declare a general communications emergency. 
Then, as in the Ohio valley flood (1937) it is 
likely that FCC will call on your ARRL to 
recommend policing-observing stations for 
FCC to appoint in the different amateur 
bands to function for the duration of the 
emergency. ARRL stands ready with its 
experience, its program of preparedness, and 
its member-station organization in which ev- 
ery live amateur who volunteers has a part. 


® MONITORED FREQUENCIES 


A few words on the last two points: In dire 
disaster where life and property are threatened 
and a region is isolated except for wireless 
communication, government aid may be se- 
cured when all attempts on normal channels 
have failed, by ‘‘breaking”’ an existing govern- 
ment circuit. AARS use 6990-, 3497.5-, etc., 
kes. Naval shore stations guard certain fre- 
quencies constantly, also. In the east 4040- 
4075, 4235- and 8920- ke. at night, or 7995 
ke. in daylight hours, and in the west 4010-, 
4235-, 4525- and 7995- ke. are the night, with 
8150 ke. a day frequency. 


@ EMERGENCY CALLING FREQUENCIES 


Regarding QRR, which call is limited to use 
of isolated stations for first emergency calls, 
special provision and methods are necessary to 
assist the stations under handicap of no com- 
mercial power in remote sections in getting 
contact and help. Their problem is vital, and 
different from the problem of casual participa- 
tion by the amateur community at large. 


It is recommended by ARRL that fre- 
quencies at the band edges be utilized for 
emergency calls, with no general emergency de- 
clared or in effect. This lends point and speci- 
fication to builders of emergency equipment. 
This spot on all bands is well covered continu- 
ously by receivers. It gives hope to the isolated 
operator that he be heard. At such frequencies 
all listeners are instructed to hunt for weak sig- 
nals in any periods in general emergency estab- 
lished for taking account of the isolated, and 
establishing new important connections. 

The FCC regulations? now require that in 
general emergency 2050-2025 ke., 4000-3975 
ke. and 3500-3525 ke. shall be reserved as 
emergency calling channels — prohibited to all 
stations except for first emergency or QRR 
calls, and initial or important emergency relief 
traffic or arrangements, whenever FCC shall 
have recognized and declared a general communi- 
cations emergency exists. All stations using such 
channels shall as rapidly as practicable shift 
to normal working and calling frequencies, to 
leave these emergency channels clear for im- 
portant calls of this type. 

The Federal Communications Commission 
rules also require that in emergency, all ama- 
teur stations in the designated areas observe 
a silent or listening period for the first five 
minutes of each hour (0000-0005), on all ama- 
teur channels (3500-4000 ke., 1750-2000 kc.), 
tuning through the emergency calling channels 
and other channels for any QRR or initial-im- 
portant calls from weak stations, previously 
unheard in interference. 

The League requests the fullest collabora- 
tion * and codperation of all amateurs to add to 
our public service record. Preparedness of sta- 
tion and operator is the first step. Voluntary 
enlistment of every amateur is requested (1) in 
abiding by the precepts above outlined (2) 
in registering in the ARRL Emergency Corps 
(3) in coédperation for local community and 
regional planning and tests, which will be 
initiated by appointed coérdinators and other 
League Officials (4) in building self-powered 
equipment. 

After emergency (large or small) full indi- 
vidual reports to the ARRL Communications 
Department are requested for the amateur 
service record. The part that every amateur 
played must be recorded not only for the QST 
account, but to strengthen and support the 
running record of amateur achievement. _ 

From analysis of all reports ARRL Public 
Service Certificates are awarded for notable ‘‘ pub- 
lic service’? work. 

Stations outside an ‘‘emergency zone’’ in 
communication with relief stations in that zone 
are requested to inform ARRL Headquarters at 
once of this situation by telegram to facilitate traffic 
movement and for the information of the press. 
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® MESSAGE HANDLING 


Amateur traffic handling is highly devel- 
oped and effective, if one knows how to use tt. 
Don’t expect that you can get on the air 
with the message you have written and give it 
to the first station that comes along and expect 
miracles to happen. You fellows who get your 
fun principally from DX, rag chewing, and 
building equipment should appreciate that you 
must place the occasional message you start 
and wish to have reach its destination, not in 
the hands of others like yourselves, but in the 
hands of one of the many operators who spe- 
cialize in keeping schedules and handling 
messages, one who gets his fun mainly out of 
this branch of our hobby, who knows the best 
current routes and is in a position to use them. 

Station owners may originate traffic going 
to any part of the United States, Hawaii, 
Porto Rico, Alaska, or the Philippines. 

Messages should be put in as complete form 
as possible before transmitting them. Incom- 





Special Orders No. 73 and 73A, adopted by 
the FCC in connection with national de- 
fense requirements prohibit general porta- 
ble work with the following exceptions: (1) 
Work by stations of amateurs supplying or 
attempting to supply communication in the 
public interest, in a bona fide domestic com- 
munications emergency, is permitted. (2) 
Operation “‘above 56,000 ke.’’ is unrestricted, 
seven days per week. (3) Provided notice of 
proposed operation has been filed with the 
proper FCC office 48 hours in advance, the 
testing of self-powered portables and port- 
able mobile emergency equipment in day- 
light hours on Saturdays and Sundays, is 
permitted. 





plete messages should not be accepted. As mes- 
sages are often relayed through several stations 
before arriving at their destination, no abbrevia- 
tions should be used in the text as mistakes are 
bound to happen when the text is shortened in 
this manner. To people not acquainted with 
radio abbreviations, messages written in short- 
ened form are meaningless. Delivering stations 
must be careful to see that messages are writ- 
ten out fully. 

In handling messages we are doing some- 
thing really worth while. We want to start only 
good worth-while messages from our stations. 
Our efforts should be directed to making the 
quality of our message service high. The num- 
ber of messages we handle is of secondary im- 
portance. The kind of messages we originate 
or start from our stations and the speed with 
which the messages pass through our station 
and the reliability or accuracy with which the 
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messages are handled are the things of para- 
mount importance. 

Just as the ultimate aim of amateur radio 
on all frequency bands is communication, so 
is the relaying of word by radiogram a ‘‘nat- 
ural’? when one has something to say to a 
party beyond immediate reach. Not all hams 
perhaps appreciate the utility that results 
from using amateur message service in our ham 
correspondence. However, no ham, not even a 
new member of the brotherhood, but feels the 
satisfaction of having really accomplished 
something tangible in exchanging a message 
(recorded communication) with another ama- 
teur. Of course not all beginners develop the 
advanced operating technique of the finished 
message handler, but it is within the reach of 
all who will try. 

The amateur who handles traffic is auto- 
matically training himself to do the kind of a 
job official agencies desire in emergencies, and 
he becomes a valuable exponent of the whole 
amateur service. 


® MESSAGE FORM 


Each message originated and handled should 
contain the following component parts in the 
order given: 


(a) Number 

(b) Station of Origin 
(c) Check 

(d) Place of Origin 
(e) Time Filed 

(f) Date 

(g) Address 

(h) Text 

(i) Signature 


A standard form enables one to know just 
what is coming next, and makes accuracy pos- 
sible with speed. Start some messages to 
familiarize yourself with the proper way to 
write and send traffic in good form. Just as you 
would be ashamed to admit it if you could not 
qualify as an experienced amateur by at least 
“15 w.p.m.” code capability, be equally proud 
of your basic knowledge of how to properly 
form and send record communications. 


(a) Every message transmitted should bear a “number.” 
On the first day of each calendar year, each transmitting 
station establishes a new series of numbers, beginning at 
No. 1. Keep a sheet with a consecutive list of numbers 
handy. File all messages without numbers. When you send 
the messages, assign numbers to them from the ‘‘number 
sheet,”’ scratching off the numbers on that list as you do so, 
making a notation on the number sheet of the station to 
which the message was sent and the date. Such a system is 
convenient for reference to the number of messages origi- 
nated each month. 

(b) The ‘‘station of origin’’ refers to the call of the sta- 
tion at which the message was filed. This should always be 
included so that a “‘service’’ message may be sent back to 
the originating station if something interferes with the 
prompt handling or delivery of a message. In the example in 
“d" below, W1AW is the station of origin, that call being 
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the one assigned the station at the national headquarters of 
the League. 

(c) Every word and numeral in the text of a message 
counts in the check. Full information on checking messages 
is given later in this chapter. 

(d) The “place of origin"”’ refers to the name of the city 
from which the message was started. If a message is filed at 
League Headquarters by someone in West Hartford, Conn., 
the preamble reads Nr 4657 W1AW ck 21 West Hartford 
Conn 8R57 p June 11, etc. 

If a message is sent to your radio station by mail the pre- 
amble shows the place of origin as the town where the mes- 
sage came from. If a message was filed at ARRL Head- 
quarters and if it came by mail from Wiscasset, Maine, the 
preamble would run like this to avoid confusion: Hr msg 
nr 457 W1AW ck 21 Wiscasset Maine 8R57 p June 11, etc. 

(e) The time filed is the time at which the message is 
received at the station for transmission. ‘‘NFT”’ in a pre- 
amble means no filing time. 

(f) Every message shall bear a ‘‘date’’ and this date is 
transmitted by each station handling the message. The date 
is the “day filed” at the originating station unless otherwise 
specified by the sender. 

(g) The ‘address’ refers to the name, street and number, 
city, state, and telephone number of the party to whom the 
message is being sent. A very complete address should always 
be given to insure delivery. When accepting messages this 
point should be stressed. In transmitting the message 
the address is followed by a double dash or break sign 

... —) and it always precedes the text. 

~ (h) The ‘“‘text’’ consists of the words in the body of the 
message. No abbreviations should ever be substituted for 
the words in the text of the message. The text follows the 
address and is set off from the signature by another break 
Coie); 

(i) "The “signature” is usually the name of the person 
sending the message. When no signature is given it is cus- 
tomary to include the words ‘“‘no sig” at the end of the 
message to avoid confusion and misunderstanding. When 
there is a signature, it follows the break; the abbreviation 
“ sig’’ ts not transmitted. 


The presence of unnecessary capital letters, 
periods, commas or other marks of punctua- 
tion may alter the meaning of a text. For this 
reason commercial communication companies 
use a shiftless typewriter (capitals only). The 
texts of messages are typed in block letters 
(all capitals) devoid of punctuation, underlining 
and paragraphing, except where expressed in 
words. In all communication work, accuracy is 
of first importance. Spell out figures and punc- 
tuation. 


® NUMBERING MESSAGES 


Use of a ‘‘number sheet”’ or consecutive list 
of numbers enables any operator to tell quickly 
just what number is “‘next.’”? Numbers may 
be crossed off as the messages are filed for 
origination. Another method of use consists 
of filing messages in complete form except for 
the number. Then the list of numbers is con- 
sulted and numbers assigned as each message 
is sent. As the operator you work acknowledges 
(QSLs) each message cross off the number used 
and note the call of the station and the date 
opposite this number. 

The original number supplied each message 
by the operator at the originating station is 
transmitted by each station handling the mes- 
sage. No new numbers are given the message 
by intermediate stations. 


’ 


@ CHECKING TRAFFIC—THE LAND 
LINE CHECK 


The ARRL check is the land line or “‘text- 
only” count, consisting of the count of only 
the words in the body or text of the message. 
It is quicker and easier to count in this fashion 
than to use the cable count of words in ad- 
dress, text and signature check which is fol- 
lowed in marine operating work, this simplifi- 
cation being the reason for its adoption. When 
in the case of a few exceptions to the basic rule 
in land line checking, certain words in address, 
signature or preamble are counted, they are 
known as extra words, and all such are so 
designated in the check right after the total 
number of words. 


®@ COUNTING WORDS IN MESSAGES 


The check includes: (1) all words, figures and 
letters in the body, and (2) the following extra 
words: 

(a) Signatures except the first, when there 
are more than one (a title with signature does 
not count extra; but an address following a 
signature does). 

(b) Words ‘‘report delivery,” 
the check. 

(c) Alternative names and/or street ad- 
dresses, and such extras as ‘‘personal’”’ or 

“attention -------- 

Examples: “ Mother, Father, James and 
Henry” is a family signature, no names 
counted extra. ‘‘John Brown, Second Lieu- 
tenant”? or ‘‘Richard Johnson, Secretary Al- 
bany Auto Club” are each one signature with 
no words counted as extra. An official title or 
connection is part of one signature, not extra. 
“Technical Department, Grammer, Mix and 
Goodman” as a signature would count three 
extra words, those italicized after the first 
name counting as extras. The check of a mes- 
sage with ten words text and three such extras 
in the signature would be ‘“‘CK 13 3 extra.” 

Dictionary words in most languages count 
as one word irrespective of length of the word. 
In counting figures, a group of five digits or 
less will count as one word. Bars of division and 
decimal points may constitute one or more of 
the digits in such a group. It is reeommended 
that, where feasible, words be substituted for 
figures to reduce the possibility of error in 
transmission. Detailed examples of word 
counting are about as difficult in one system of 
count as another. 

Count as words dictionary words taken from 
English, German, French, Spanish, Latin, 
Italian, Dutch and Portuguese languages; 
initial letters, surnames of persons, names of 
countries, cities and territorial subdivisions. 
Abbreviations as a rule should be used only in 
service messages. Complete spelling of words 
is one way to avoid error. Contractions such 


“rush”? in 
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as ‘‘don’t’”’ should be changed to ‘‘do not.” 
Examples: 


Emergency (English dictionary)............... 1 word 
Nous arriverons dimanche (French dictionary)... 3 words 
DeWitt, (SUTMAIIC) S65 oleae jus dors elereresceaie souls 1 word 
EYED’ (CETL GIAUS) Seis a7 sce: oiseis lave Santend syaveanss rales aes 4 words 
United States (country) .. 02. cscs cessesccsece 1 word 
President Hoover (steamship)................ 1 word 
Prince: Willis Sound 2 v6, 6ecseoschiwkwiele + canes 3 words 
M.S. City of Belgrade (motor ship)............ 2 words 
EXCEPTIONS 

PV TE Mars vassals tate (5 oe ca tbc8 rolany aibietald widen. ee 1 word 
F078; (O6 20D) 254 cate sateeameasirte veGiee sda 1 word 

I ate sascarrai setenv Sucaps 6G Sugiy rt yoo dues ese ebs s auapne wiser 1 word 
Per cent: (Or Dereon t) ee: iors i apiciaaijovens a tecarere “wareiars 1 word 


The best practice is to spell out all such when 
it is desired to send them in messages. In ordi- 
nal numbers, affixes d, nd, rd, st, and th count 
as one word. Abbreviations of weights and 
measures in common use count as one word 
each. Examples: 


EOOOO OOO CHigmirr ea) 5g core os acca seach esraceb Has 2 words 
Ten millions (dictionary words)............... 2 words 
BGAS COeUnea) bs ces erideeeawn hacen uaiares wah were 1 word 
70S CEB UPER) oi5; 5 tarca ich tn ouisioup ie lorane Statens axe exerar owen 1 word 
AAD I scsi: cera aerscpei nian «aria Saieeud Bisisge Meme ede 4 words 
4514 (figures and bar of division)............... 1 word 
8rd (ordinal number and affix)........6....... 2 words 
WELD iaisercs 2 i iteccteto teens sire Shaw en esd narsousevera sh aleus 1 word 


Groups of letters which are not dictionary 
words of one of the languages enumerated, or 
combinations of such words will count at the 
rate of five letters or fraction thereof to a word. 
In the case of combinations each dictionary 
word so combined will count as a word. In 
addition USS USCG, etc., written and sent as 
compact letter-groups count as one word. 
Examples: 


Tyffa (artificial 5 letter group)...............- 1 word 
Adccol (artificial 6 letter group)............... 2 words 
allright, alright (improperly combined)......... 2 words 
Dothe (improperly combined).............-.- 2 words 
CASEI | ciseteranssentanasyatrnaes abrcsaled eieuroersaies esas 1 word 


At the request of sender the words ‘‘report 
back delivery”? asking for a service showing 
success or failure in delivering at the terminal 
station, may be inserted after the check of 
“rush” or ‘‘get answer”’ similarly, such words 
counting as extras in the group or check desig- 
nation as just covered by example. ‘‘ Phone” 
or ‘Don’t Phone”’ or other sender’s instruc- 
tions in the address are not counted as extra 
words. In transmitting street addresses where 
the words east, west, north or south are part of 
the address, spell out the words in full. Suffixes 
“th,” “nd,” ‘st,’ etc., should not be trans- 
mitted. Example: Transmit ‘‘19 W 9th St” 
as ‘19 West 9 St.” ‘“F St NE” should be sent, 
““F St Northeast.’”’ When figures and a decimal 
point are to be transmitted, add the words 
CNT DOT in the check. 

Isolated characters each count as one word. 
Words joined by a hyphen or apostrophe count 
as separaté words. Such words are sent as two 
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words, without the hyphen. A hyphen or 
apostrophe each counts as one word. However, 
they are seldom transmitted. Two quotation 
marks or parenthesis signs count as one word. 
Punctuation is never sent in radio messages 
except at the express command of the sender. 
Even then it is spelled out. 

Here is an example of a plain language mes- 
sage in correct ARRL form carrying the land 
line check: 


NR 601 WiAW CK 9 WEST HARTFORD CONN 
1R15P OCT 28 


ALL RADIO HAMS 
9 COMPLETE ADR ST 
ANYCITY USA 


ALL AMATEURS ARE REQUESTED TO FOLLOW 
STANDARD ARRL FORM 
HANDY ARRL CM 


Message handling is one of the major things 
that lies in our power as amateurs to do to 
show our amateur radio in a respected light, 
rather than from a novelty standpoint. Regard- 
less of experimental, QSL-collecting, friendly 
ragchews, and DX objectives, we doubt if the 
amateur exists who does not want to know 
how to phrase a message, how to put the pre- 
amble in order, how to communicate wisely 
and well-when called upon to do so. Scarcely a 
month passes but what some of us in some 
section of our ARRL are called upon to add 
to the communication service record of the 
amateur. 

It is important that deliveries be made in 
business-like fashion to give the best impres- 
sion, and so that in each case a new friend 
and booster for amateur radio may be won. 
Messages should be typed or neatly copied, 
preferably on a standard blank, retaining 
original for the FCC station file where these 
are mailed. The designation and address of the 
delivering station should be plainly given so a 
reply can be made by the same route if desired. 

For those who would disparage some mes- 
sage texts as unimportant, perhaps a reminder 
is in order that in the last analysis it is not the 
importance to the ham that handles it that 
counts, but the importance to the party that 
sends and the party that receives a message. 

The individual handling of traffic in quanti- 
ties small as well as large is to a very great 
extent the material that we amateurs use for 
developing our operating ability, for organizing 
our relay lines, for making ourselves such a 
very valuable asset to the public and our coun- 
try in every communications emergency that 
comes along, not to mention the individual 
utility and service performed by each message 
passed in normal amateur communications. 

For those ‘‘breaking-in’ may we say 
that any ORS, Trunkliner or experienced 
ARRL traffic handler will be very pleased 
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to answer your questions and give additional 
pointers both in procedure and concerning 
your station set-up to help you make yours a 
really effective communications set-up. Since 
experience is the only real teacher we conclude 
by suggesting to all and sundry that becoming 
proficient in any branch of the game is partly 
just a matter of practice. Start a few messages, 
to get accustomed to the form. Check some 
messages to become familiar with the official 
ARRL (land line) check. You will find in- 
creased enjoyment in this side of amateur radio 
by adding to your ability to perform; by your 
familiarity with these things the chance of 
being able to serve your community or country 
in emergency will be greater. Credit will be 
reflected on amateur radio as a whole thereby. 


@ ORIGINATING TRAFFIC 


Messages to other amateurs are a natural 
means of exchanging comment and maintain- 
ing friendships. The simplest additional way to 
get messages is to offer to send a few for friends, 
reminding them that the message service is 
free and no one can be held responsible for 
delay or non-delivery. Wide-awake amateurs 
have distributed message blanks to tourist 
camps. Lots of good traffic has been collected 
through a system of message-collection boxes 
placed in public buildings and hospitals. A 
neatly typed card should be displayed near-by 
explaining the workings of our ARRL traffic 
organization, and listing the points to which the 
best possible service can be given. 

Messages that are not complete in every 
respect should not be accepted for relaying. 
Complete address on every message is impor- 
tant. 

To properly represent amateur radio, pla- 
cards when used should avoid any possible con- 
fusion with telegraph and cable services. Any 
posters should refer to AMATEUR RADIO- 
Grams, and explain that messages are sent 
through AMATEUR RADIO STATIONS, aS & 
HOBBY, FREE, without cost (since amateurs 
can’t and will not accept compensation). The 
exact conditions of the service should be 
stated or explained as completely as possible, 
including the fact that there is No GUARAN- 
TEE OF DELIVERY. The individual in charge 
of the station has full powers to refuse any 
traffic unsuitable for radio transmission, or 
addressed to points where deliveries cannot be 
made. Relaying is subject to radio conditions 
and favorable opportunity for contacting. 
Better service can be expected on 15-word 
texts of apparent importance than on extremely 
long messages. Traffic should not be accepted 
for ‘‘all over the world.” 

Careful planning and organized schedules 
are necessary if a real job of handling traffic is 
to be done. Advance schedules are essential to 


assist in the distribution of messages. It may 
be possible to schedule stations in cities to 
which you know quantities of messages will be 
filed. Distribute messages, in the proper direc- 
tions, widely enough so that a few outside 
stations do not become seriously overbur- 
dened. Operators must route traffic properly 
— not merely aim to “clear the hook.” 

It is better to handle a small or moderate 
volume of traffic well than to attempt to break 
records in a manner that results in delayed 
messages, non-deliveries, and the like which 
certainly cannot help in creating any public 
good-will for amateur radio. 

Whatever type of exhibit is planned, write 
ARRL in advance, in order to receive sam- 
ple material to make your amateur booth 
more complete. : 


@eRELAY PROCEDURE 


Messages shall be relayed to the station 
nearest the location of the addressee and over 
the greatest distance permitting reliable com- 
munication. 

No abbreviations shall be substituted for the 
words in the text of a message with the excep- 
tion of ‘‘service messages,” to be explained. 
Delivering stations must be careful that no 
confusing abbreviations are written into de- 
livered messages. 

Sending ‘“‘words twice” is a practice to 
avoid. Use it only when expressly called for by 
the receiving operator when receiving condi- 
tions are poor. 

Messages shall be transmitted as many as 
three times at the request of the receiving op- 
erator. Failing to make a complete copy after 
three attempts, the receiving operator shall 
cancel the message (QTA). 

Agreement to handle (relay or deliver) a 
message properly and promptly is always 
tacitly implied in accepting traffic. When 
temporarily not in a position to so handle, it is 
a service to amateur radio and your fellow ham 
to courteously refuse a message. 

An operator with California traffic does not 
hear any western stations so he decides to give 
a directional ‘‘CQ” as per ARRL practice. 
He calls, CQ, CALIF CQ CALIF DE W1INF 
W1INF WIINF, repeating the combination 
three times. 

He listens and hears W9CXX in Cedar 
Rapids calling him, W1INF W1INF W1INF 
DE W9CXX W9CXX W9CXX AR. 

Then he answers W9CXX indicating that 
he wishes him to take the message. WIINF 
says W9CXX W9CXX DE WIINF R QSP 
MILL VALLEY CALIF NEAR SF? K. 

After W9CXX has given him the signal to 
go ahead, the message is transmitted, thus: 


HR MSG NR 78 WIINF CK15 WEST HARTFORD 
CONN NFT (for “no filing time”) NOV 18 
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ALAN D WHITTAKER JR W6SG 
79 ELINOR AVE 
MILL VALLEY CALIF 


SUGGEST YOU USE ARRL TRUNK LINE K 
THROUGH W5NW TO HANDLE PROPOSED VOL- 
UME TRAFFIC REGARDS 

BUBB W1JTD 


W9CXX acknowledges the message like 
this: Wi1INF DE W9CXX NR 78 R. K. Not 
a single R should be sent unless the whole mes- 
sage has been correctly received. 

Full handling data is placed on the message 
for permanent record at W1INF. The operator 
at W9CXX has now taken full responsibility 
for doing his best in forwarding the message. 


@® FIXED TEXT MESSAGES—ARL CHECK 


To start a fixed text message, the originator 
must select one of the texts from a list. The 
amateur starting the message sends the number 
corresponding to that particular text instead of 
the text. The letters ARL (short for American- 
Radio-Relay-League-numbered-text-to-follow) 
must be placed before the figures of the check 
to show that the text is from our particular 
numbered text list. “‘ARL” identifies this at 
once as a message that has to be expanded for 
delivery or relaying to a station that has no list 
(to have complete understanding and avoid 
error). In radio handling the number must al- 
ways be spelled out, for accuracy. 

The new list of ‘‘ARRL Numbered Radio- 
grams” is in the possession of every member of 
the League’s Emergency Corps, and every 
ORS, OPS, and field organization official. 
The list of fixed texts was prepared mainly 
with possible emergency needs and utility in 
mind; it is a special tool for special occasions. 
It may be used only when stations at each end 
of a QSO are equipped with exactly similar 
lists. Extra precautions to insure accuracy are 
necessary when using a number for a text; 
every message delivered or relayed to a station 
not having a list must be completely expanded. 

The new list of sixty texts will be sent free of 
charge to anyone requesting it by sending a 
radiogram asking for it. We want the list to be 
available to anyone active in amateur traffic 
handling or likely to have a use for it. We shall 
continue to recommend the use of individually 
worded messages instead of any stereotyped 
form in every case possible. Use ‘‘numbered 
texts’’ with caution, only with other operators 
with experience and similar lists. But all sta- 
tions might well keep a copy of the new list 
ready in the station log. 


Example: NR1 W1i1AW CK ARL1 Newington Conn 
March 2 (Address) BT THREE BT John AR 


‘“ARL?” can be readily understood to mean, 
“Do you have the list of ARRL-Numbered 
Radiograms, and are you ready for such a 
message,” ‘‘ARL” (reply) then means, ‘‘I have 
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the ARRL-Numbered Radiogram list. I am 
ready for such a message.” 

A list of the texts applicable to possible 
relief-emergency uses follows: 


ONE All safe. Do not be concerned about 
disaster reports. 

TWO Coming home as soon as possible. 

THREE Am perfectly all right. Don’t worry. 

FOUR Everyone safe here. Only slight property 
damage. 

FIVE All well here. Love to folks. 

SIX Everyone safe, writing soon. 

*SEVEN Reply by amateur radio. 

EIGHT All safe, writing soon, love. 

NINE Come home at once. 

TEN Will be home as soon as conditions 
permit, 

ELEVEN Cannot get home. Am perfectly all right. 
Will be home as soon as conditions 

permit. 

*TWELVE Are you safe? Anxious to hear from you. 

*THIRTEEN iIs...... safe? Anxious to hear. 

*FOURTEEN Anxious to know if everything is OK. 
Please advise. 

*FIFTEEN Advise at once if you need help. 

*SIX TEEN Please advise your condition. 


*SEVENTEEN Kindly get in touch with us. 
*EIGHTEEN Please contact me as soon as possible 
REE sc. cceautis a 


None of these numbered-text messages 
should be handled in the first stages of any gen- 
eral emergency. Those marked above with an 
asterisk (*) should never be solicited during an 
emergency, since experience shows thaté such 
inquiry traffic going into an emergency area 
ordinarily cannot be delivered while the emer- 
gency still exists. Concentration must be on 
traffic going out of an emergency area. 

Never forget to put ‘‘ARL”’ in the check — 
or the delivering station will deliver a ‘‘num- 
ber” instead of the words it stands for. From 
the table we see that the text in the example 
must be completely written out as AM PER- 
FECTLY ALL RIGHT. DON’T WORRY. 
when it is delivered, or transmitted to any 
station without a list, or that cannot make 
affirmative response to ‘‘ARL?” 


® GETTING FILLS 


If the first part of a message is received but 
substantially all of the latter portions lost, the 
request for the missing parts is simply RPT 
TXT AND SIG, meaning ‘‘ Repeat text and- 
signature.” PBL and ADR may be used sim- 
ilarly for the preamble and address of a mes- 
sage. RPT AL or RPT MSG should not be 
sent unless nearly all of the message is lost. 

Each abbreviation used after a question 
mark (..____..) asks for a repetition of 
that particular part of a message. 

When a few word-groups in conversation or 
message handling have been missed, a selection 
of one or more of the following abbreviations 
will enable you to ask for a repeat on the parts 
in doubt. ’Phone stations of course request fills 
by using the full wording specified, without 
attempt at abbreviation. 
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Abbreviation Meaning 
VAAL os cate ie aia & beers Repeat all after............ 
CABS cies «svat ba none e's ooeeng Repeat all before.......... 
PAU ustecieg esc wice £4 orsts = Repeat all that has been sent 
DB Nitsa iN Die a/ereaanelen ea Repeat all between. .and.... 
WEA weirs oie pare wees ae nvarsly Repeat the word after...... 
TWD ead mane carne oomwee Repeat the word before..... 


The good operator will ask for only what fills 
are needed, separating different requests for 
repetition by using the break sign or double 
dash (__...__) between these parts. There is 
seldom any excuse for repeating a whole mes- 
sage just to get a few lost words. 

Another interrogation method is sometimes 
used, the question signal (..____..)- being 
sent between the last word received correctly 
and the first word (or first few words) received 
after the interruption. RPT FROM .... 
TO ....4is a long way of asking for fills 
which we have heard used by beginners. 

The figure four (....—) is a time-sav- 
ing abbreviation which deserves popularity 
with traffic men. It is another of those hybrid 
abbreviations whose original meaning, ‘‘ Please 
start me, where?” has come to us from Morse 
practice. Of course ?AZ or RPT AL will serve 
the same purpose, where a request for a repeti- 
tion of parts of a message has been missed. 


© DELIVERING MESSAGES 


Provisions of the Radio Act of 1984 make it a 
misdemeanor to give out information of any sort 
to any person except the addressee of a message. 
It is in no manner unethical to deliver an un- 
official copy of a radiogram, if you carefully 
mark it duplicate or unoffictal copy and do it to 
improve the speed of handling a message or to 
insure certain and prompt delivery. Do not 
forget that there are heavy fines prescribed by 
Federal laws for divulging the contents of mes- 
sages to anyone except the person addressed in 
a message. 

When it is possible to deliver messages in 
person, that is usually the most effective way. 
When the telephone does not prove instrumen- 
tal in locating the party addressed in the mes- 
sage it is usually quickest to mail the message. 

ARRL delivery rules: 

Messages received by stations shall be delivered 
immediately. 

Every domestic message shall be relayed within 
forty-eight (48) hours after receipt or if it cannot 
be relayed within this time shall be matled to the 
addressee. 

Messages for points outside North America 
must not be held longer than half the length of 
time required for them to reach their destination 
by mail. 

When a message cannot be delivered, or if it 
is unduly delayed, a ‘‘service’’ message should 
be written and started back to the ‘‘office of 
origin.” 

Each operator who reads these pages is 
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asked to assume personal responsibility for 
accuracy, speed of each message handled and 
delivery that we may approach a 100% delivery 
figure. 


@®THE SERVICE MESSAGE 


A service message is a message sent by one 
station to another station relating to the serv- 
ice which we are or are not able to give in 
message handling. The service message may 
refer to non-deliveries, to delayed transmis- 
sion, errors, or to any phase of message han- 
dling activity. It is not proper to abbreviate 
words in the texts of regular messages, but it 
is quite desirable and correct to use abbrevia- 
tions in these station-to-station messages 
relating to traffic-handling work. Example: 


HR SVC NR 291 W38CA CK XX ROANOKE VA NFT 
AUG 19 
L C MAYBEE W7GE 
110 SOUTH SEVENTH AVE 
PASCO WASHN —_...— 
UR NR 87 AUG 17 TO CUSHING SIG BOB HELD 
BR UNDLD' PSE GBA —....— 
WOHLFORD W3CA 


® COUNTING MESSAGES 


To compare the number originated and 
delivered each month to learn some facts about 
the ‘‘efficiency”’ of our work in handling mes- 
sages, a method of counting is used. Each time 
a message is handled by radio it counts one in 
the total. 

A message received in person, by telephone, 
by telegraph, or by mail, filed at the statton and 
transmitted by radio in proper form, counts as 
one originated. 

A message received by radio and delivered in 
person, by telephone, telegraph, or mail, counts 
as one delivered. 

A message received by radio and sent forward 
by radio counts as two messages relayed (one 
when received and again one when sent for- 
ward). 

A “‘service’”’ message counts the same as any 
other type of message. 

In addition to the basic count of one for 
each time a message is handled by radio, an 
extra credit of one point for each delivery made 
by mail, telephone, in person, by messenger 
or other external means other than use of 
radio (which would count as a ‘‘relay” of 
course) will also be allowed. A message received 
by an operator for himself or his station or 
party on the immedite premises counts only 
“fone delivered.’”? A message for a third party 
delivered by additional means or effort will 
receive a point under ‘‘extra delivery credits.” 

The message total shall be the sum of the mes- 
sages originated, delivered and relayed and 
the ‘‘extra’’ delivery credits. Each station’s 
message file and log shall be used to determine 
the report submitted by that particular 
station. Messages with identical texts (so- 
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called rubber-stamp messages) shall count 
once only for each time the complete text, pre- 
amble and signature are sent by radio. 


@ LEAGUE OPERATING ORGANIZATION 


Your ARRL arranges amateur operat- 
ing activities, promotes preparation and or- 
ganization for communications emergencies, 
establishes procedure to aid efficient operation, 
encourages good operating and maintains a 
strong field organization, The Communications 
Department of the League is concerned with 
the practical operation of stations in all 
branches of amateur activity. Appointments 
and awards are available for rag chewer, 
*phone operator, traffic enthusiast and DX 
man. It is the League’s policy to benefit each 
group concerned along lines of natural interest. 
All activities have specific objectives with 
widest participation invited. This insures max- 
imum fun and benefit to the whole frater- 
nity. 

Whether your activity is directed toward 
’phone or telegraph, there is a place for you in 
League organization. 

We live in an age of specialization, and 
ARRL appointees specialize in- particular 
branches of amateur operation for which they 
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have special interest, aptitude or equipment. 
The voluntary acceptance of organization ap- 
pointment carries prestige. It is a symbol of 
the mature, serious, accomplished amateur. 
Appointment also entitles the individual to 
certain bulletins that carry the first facts on 
new items of legislation and regulation as well 
as reports on activity and operating announce- 
ments. Every amateur should aim to become 
and remain a member of the League, and take 
an active part in his society and field organiza- 
tion work. There is fun and profit in doing 
this. 

Complete information on all appointments 
and League awards for working all states 
(WAS), working all countries (WAC), etc., is 
included in the booklet, ‘‘Operating an Ama- 
teur Radio Station.’”?’ Members of the League 
may obtain a copy free upon request; to 
others, a charge of 10 cents is made. 
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eeq? CODE 


Abbre- 
viation 


QRA 
QRB 


QRC 


QRD 
QRG 


QRH 
QRI 
QRJ 
QRK 
QRL 


QRM 
QRN 
QRO 
QRP 

QRQ 
QRS 

QRT 
QRU 
QRV 

QRW 


QRX 


QRY 
QRZ 
QSA 

QSB 
QsD 
QSG 
QSsJ 

QsK 
QSL 

QSM 
Qso 


QsP 
QSR 


Qsu_ 
Osv 
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EN THE REGULATIONS accompanying 
the existing International Radiotelegraph Con- 
vention there is a very useful internationally- 
agreed code designed to meet major needs in 


egulations 





Question 


What is the name of your station? 
How far approximately are you from my station? 


What company (or Government Administration) 
settles the accounts for your station? 


Where are you bound and where are you from? 

Will you tell me my exact frequency (wave-length) 
in kce/s (or m)? 

Does my frequency (wave-length) vary? 

Is my note good? 

Do you receive me badly? Are my signals weak? 

What is the legibility of my signals (1 to 5)? 

Are you busy? 


Are you being interfered with? 

Are you troubled ‘by atmospherics? 

Shall I increase power? 

Shall I decrease power? 

Shall I send faster? 

Shall I send more slowly? 

Shall I stop sending? 

Have you anything for me? 

Are you ready? 

Shall I tell ........ that you are calling him on 
cance ese ke/s: (OF <o<0c0c0 TO)? 

Shall I wait? When will you call me again? 


What is my turn? 


Who is calling me? 

What is the strength of my signals (1 to 5)? 
Does the strength of my signals vary? 

Is my keying correct; are my signals distinct? 


Shall I send ........ telegrams (or one telegram) 
at a time? 
What is the charge per word for ........ including 


your internal telegraph charge? 

Shall I continue with the transmission of all my 
traffic, I can hear you through my signals? 

Can you give me acknowledgment of receipt? 

Shall I repeat the last telegram I sent you? 


Can you communicate with ........ direct (or 
through the medium of ........ )? 

Will you retransmit to ........ free of charge? 

Has the distress call received from ........ been 
cleared? 

Shall I send (or reply) on........ ke/s (or m) and/ 
or on waves of Type Al, A2, A3, or B? 

Shall I send a series of VVV ........ t 


international radio communication. This code 
follows. The abbreviations themselves have the 
meanings shown in the “‘answer’” column. 
When an abbreviation is followed by an inter- 
rogation mark (?) it assumes the meaning 
shown in the ‘“‘question”’ column. 


Answer 


The name of my stationis ........ 

The approximate distance between our stations 
IBY sayerwe wie nautical miles (or........ kilometers). 

The accounts for my station are settled by the 
mays aiaeAaveane company (or by the Government Ad- 


ministration of ........ dis 

Iam bound for........ FEOM fis, ches 01008 

Your exact frequency (wave-length) is ........ ke/s 
(OPS sisievesvecs m). 


Your frequency (wave-length) varies. 

Your note varies. 

I cannot receive you. Your signals are too weak. 

The legibility of your signals is .... (1 to 5). 

I am busy (or I am busy with ........ ). Please do 
not interfere. 

I am being interfered with. 

I am troubled by atmospherics. 

Increase power. 

Decrease power. 

Send faster (........ words per minute). 

Send more slowly (........ words per minute). 

Stop sending. 

I have nothing for you. 


I am ready. 

Please tell ........ that Iam calling himon....... 
ke/s (OF ...0s55: m). 

Wait (or wait until I have finished communicating 
With, caw saon ) I wall call-you at 06.0065 o’clock 
(or immediately). 

Your turns: Nos. << s0-6 60s (or according to any other 


method of arranging it). 
You are being called by ........ 
The strength of your signals is ........ Cl to:5). 
The strength of your signals varies. 
Your keying is incorrect; your signals are bad. 


SEN) arcsec telegrams (or one telegram) at a 
time. : 
The charge per word for........ IS) 22015 5 Genes francs, 


including my internal telegraph charge. 

Continue with the transmission of all your traffic, I 
will interrupt you if necessary. 

I give you acknowledgment of receipt. 

Repeat the last telegram you have sent me. 


I can communicate with ........ direct (or through 
the medium of ........ ys 

I will retransmit to ........ free of charge. 

The distress call received from ........ has been 
cleared by ........ 

Send (or reply) on ........ ke/s (GE asia sisicss m) 


and/or on waves of Type Al, A2, A8, or B. 
Send a series of VVV ........ 


Abbre- 
viation 


Qsw 


Qsx 
QsY 
QSZ 
QTA 
QTB 


QTC 
QTE 


OTF 


QTG 


QTH 


QTI 
QTs 


QT™ 
QTO 
QTP 
QTQ 


QTR 
QTU 


QUA 
QUB 


QUC 
QUD 
QUF 


QUG 
QUH 


QU 


QUK 
QUL 
QUM 


Question 
Will you send on ........ KG/8: (OP ceicc-eieis ar m) 
and/or on waves of Type Al, A2, A3, or B? 
Will you listen for ........ (call sign) or ........ 
ke/s (OP. ccsscne m)? 
Shall I change to transmission on ........ ke/s (or 
sebiake sae m) without changing the type of wave? or 


Shall I change to transmission on another wave? 

Shall I send each word or group twice? 

Shall I cancel telegram No. ........ as if it had 
not been sent? 

Do you agree with my number of words? 


How many telegrams have you to send? 


What is my true bearing in relation to you? or 

What is my true bearing in relation ........ (call 
sign)? 

What is the true bearing of ...... .. (call sign) in 
relation to ........ (call sign)? 


Will you give me the position of my station accord- 
ing to the bearings taken by the direction-finding 
stations which you control? 

Will you send your call sign for fifty seconds fol- 


lowed by a dash of ten seconds on ........ ke/s 
COP scdaishenrnte m) in order that I may take your 
bearing? 


What is your position in latitude and longitude (or 
by any other way of showing it)? 

What is your true course? 

What is your speed? 


Send radioelectric signals and submarine sound sig- 
nals to enable me to fix my bearing and my dis- 
tance, 

Have you left dock (or port)? 

Are you going to enter dock (or port)? 

Can you communicate with my station by means 
of the International Code of Signals? 

What is the exact time? 

What are the hours during which your station is 
open? 

Have you news of ........ (call sign of the mobile 
station)? 

Can you give me in this order, information concern- 
ing: visibility, height of clouds, ground wind for 
eietecareniracs (place of observation)? 

What is the last message received by you from 
ean (call sign of the mobile station)? 

Have you received the urgency signal sent by 
aealsherae .. (call sign of the mobile station)? 


~Have you received the distress signal sent by 


SyaehesSiaveus (call sign of the mobile station)? 

Are you being forced to alight in the sea (or to land)? 

Will you indicate the present barometric pressure 
at sea level? 

Will you indicate the true course for me to follow, 
with no wind, to make for you? 


Can you tell me the condition of the sea observed 
AG: custerscacatee (place or codrdinates) ? 

Can you tell me the swell observed at ... 
(place or coérdinates)? 

Is the distress traffic ended? 


Special abbreviations adopted by the ARRL: 


R. egulations and Dak 


Answer 

I am going to send (or I will send) on ........ ke/s 
( (0) rere ener oer m) and/or on waves of Type Al, A2, 
A3, or B. 

I am listening for ........ (call sign) on .....64. 
Ke/ 8) (OP 0s scorers m). 

Change to transmission on..... ews KC/8 OP c.icancs 
m) without changing the type of wave or 


Change to transmission on another wave. 

Send each word or group twice. 

Cancel telegram No. ........ as if it had not been 
sent. 

I do not agree with your number of words; I will re- 
peat the first letter of each word and the first figure 
of each number. 


T have: s.cccsa oes telegrams for you (orfor........ ye 

Your true bearing in relation to me is .... degrees or 

Your true bearing in relation to ........ (call sign) 
HS) cdc ate degrees at ........ (time) or 

The true bearing of ........ (call sign) in relation 
tO casas (call sign) is........ degrees at ....... 
(time). 


The position of your station according to the bearings 
taken by the direction-finding stations which I con- 


U0) Ht: ene latitude ........ longitude. 
I will send my call sign for fifty seconds followed by a 
dash of ten seconds on........ ke/s (or ..... ae 


m) in order that you may take my bearing. 


My position is ........ latitude ...... .. longitude 
(or by any other way of showing it). 

My true course is ........ degrees, 

My speedis........ Knits: (OF ..:6.0:6:6 08 kilometers) 
per hour. 


I will send radioelectric signals and submarine sound 
signals to enable you to fix your bearing and your 
distance. 

I have just left dock (or port). 

I am going to enter dock (or port). 

I am going to communicate with your station by 
means of the International Code of Signals. 

The exact time is ........ 


My station is open from ........ GO) eierasuwrsre's 
Here is news of ........ (call sign of the mobile sta- 
tion). 


Here is the information requested ........ 


The last message received by me from ........ (call 
sign of the mobile station) is ........ 

I have received the urgency signal sent by ........ 
(call sign of the mobile station) at ...... (time). 

I have received the distress signal sent by ........ 
(callsign of the mobile station) at ........ (time). 

I am forced to alight (or land) at ........ (place). 

The present barometric pressure at sea level is 
dese ees (units). 

The true course for you to follow, with no wind, to 
make for me is ........ degrees at ........ 
(time). 

Theseaat.......- (place or coérdinates) is ....... 

The swellat........ (place or codrdinates) is...... 


The distress traffic is ended. 


QST General call preceding a message addressed to all amateurs and ARRL Members. This is in effect ‘‘CQ ARRL.”’’ 
QRR Official ARRL “land SOS.” A distress call for use by stations in emergency zones only. 
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Scales Used in Expressing Signal Strength and Readability 


(See QRK and QSA in the Q Code) 


QRS i oseias cis someon ss teerea 





Strength 
QSAI1. sha Gabe ia ae Ware at pier eM ale anre s Geaarely ‘perceptible. 
QSAZ...... Seance ar Tee ereina eae fies VOIKS 
OSAS: «cscs gacneicess discon coat Maly good. 
OSA Si ck ser nome ie as see cet eae GOOG: 
QSAS.... as, BS Raking. aloes Deron ea dvanbs Gut MEPSCBOOG: 
PREFIXES 
Al aSiG s sicons-a sastrers ane Oa melee ¥ meee + orem et ane ee K7 
ANCAVCHON: 4 ea iad seo swa als + Fae RA Rin ace ecrs KC4 
Baker Island, Howland Island, Am. Phoenix Is- 

Land 8's i, cise ccossieauaierearsacne wa coerce xs erarere Se sare KF6 
Canal Fone: 5 scssana.d nap hvravesiele seh naereacne st K5, NY1, NY2 
LTD roca se or oath 6 cu SHU ray wneeeaa laa dese oases hoa KB6 
Guantan ani ac a «sive. swiecwiecaneverws olocais ap aes oralerere NY4 
Hawaiian Talanid sis... 5 6:5. scece.aseuars 2a Seayeeleraonts: sateen K6 
Jarvis Island, Palmyra Group..........2-+-0006 KG6 
Johnston Island).-..s,cac sess Te eis Sees eeaKe Oe KE6 
Midway Tslang <i sicectierss anya t sralet- asain sates 8S KD6 
Philippine IslandS eas vgasd ions ta erin peed a seed ae KA 
PUCEEOHRACO\ he « nesisnav gia dite Stiterd Externe sceaerpe wines K4 
Samoa; Ameri Cam’. s.eaiavecisienveaaiveayavansiers enereya ei KH6 
BWanlslan ds: caus aes eanan eaves career ate auras KD4 
UWritf ed! Sta hes. conc. sreamasvaiiandrouhare @ahwece tveweeuneiie derate W [N] 
Virion: Ielansivs nid acer wausie sealer cane stato mies SusaNs KB4 
Wake group........... Aseia, dane etaradlaviersve soenessuensueisye:® KC6 


11,910-13,990 


14,410-15,085 
15,110-15,330 
15,355-17,740 


17,760-17,840 
17,860-21,440 
21,460—21,650 
21,650-23,175 


23,200-25,000 
25,025-26,975 
27,000-27,975 


Readability 


. Unreadable. 

Readable now and then. 
.Readable with difficulty. 
.Readable. 

. Perfectly readable. 


Aviation, fixed, government, ship tele- 
graph, coastal telegraph, miscel- 
laneous. 

Fixed. 

International broadcast, government. 

Fixed, government, aviation, ship and 
coastal telegraph, miscellaneous. 


International broadcast. 

Fixed, government, aviation. 

International broadcast, government. 

Coastal telegraph, government, ship 
telegraph, miscellaneous. 


Aviation, government, miscellaneous. 
Broadcast, government. 
Government, general communication. 


FCC FREQUENCY ALLOCATIONS 


The following is a condensed table of alloca- 
tions in the U.S.A. excepting amateur: 


Frequency, Kilocycles 


10-103 
103-141 
143-193 


194-391 


392-548 


550-1,600 
1,600-1,712 


2,004-2,500 


2,504-3,497.5 


4,005-6,000 
6,020-6,190 
6,200-6,990 


7,305-9,490 


9,510-9,690 
9,710-11,000_ 
11,010-11,685 


11,710-11,890 


438 


Allocation 


Fixed, government. 

Coastal telegraph, government. 

Maritime calling, ship telegraph, fixed 
and coastal telegraph. (190 ke. to 
state police and government.) 


Government, fixed, airport, aircraft (375 
ke. to direction finding). 


Coastal telegraph, government, ship 
telegraph, aircraft, intership ’phone. 
(500 ke. to maritime calling and 
government.) 


Broadeasting (1,592 to Alaska services). 

Geophysical, relay, police, government, 
experimental, marine fire, aviation, 
motion picture. 


Experimental visual and relay broad- 
cast, police, government, ship harbor, 
fixed, miscellaneous. 


Coastal harbor, government, aviation, 
fixed, miscellaneous. 


Government, aviation, fixed. 
International broadcast, government. 


Coastal telegraph and 'phone, govern- 


ment, fixed, miscellaneous. 


Government, fixed, aviation, ship tele- 
graph, coastal telegraph, miscel- 
laneous. 


International broadcast. 

Government, fixed aviation. 

Ship telegraph, maritime calling, gov- 
ernment, coastal telegraph, fixed, 
aviation, miscellaneous. 


International broadcast, government. 


30,000—42,000 Police, government, relay broadcast, 
coastal and ship harbor, miscellaneous. 
42,000-50,000 ° Broadcast and educational (FM). 
50,000-56,000 Television, fixed. 
60,000-112,000 Government, television. 
116,110-139,960 Broadcast, government, aviation, police, 
miscellaneous. 
140,100-143,880 Aviation. 


144,000-400,000 Government, television, fixed. 
401,000 and above Experimental. 


UNITED STATES AMATEUR 
REGULATIONS 


Pursuant to the basic communications law, 
general regulations for amateurs have been 
drafted by the Federal Communications Com- 
mission. ‘The number before each regulation is 
its official number in the complete book of regu- 
lations for all classes of radio stations as issued 
by the Commission; the number of each regula- 
tion is of no consequence to the amateur, 
except as a means of reference. 

These regulations are correct as of Septem- 
ber 15, 1941. As the regulations are subject to 
change from time to time, it is recommended 
that The Radio Amateur’s License Manual (25¢ 
postpaid, from the ARRL) be consulted for 
latest official regulations, since it is always kept 
up-to-date either by frequent revisions or by 
the inclusion of a ‘‘change-sheet”’ giving neces- — 
sary corrections. Latest changes always appear 
in QST, as well. 

Every amateur should be thoroughly familiar 
with these regulations and their effect, al- 
though, of course, it is not necessary to know 
the exact wording from memory. 

Particular attention should be given to the 
“Temporary FCC Orders” at the end of this 
listing, since they modify some of the regula- 
tions at the present time. 
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GENERAL REGULATIONS APPLICABLE 
TO AMATEURS 


1.71. Applications made on prescribed forms. Each applica- 
tion for an instrument of authorization shall comply with 
the Commission’s Rules and Regulations and shall be made 
in writing . . . on a form furnished by be . the Commis- 
sion. ... Separate application shall be filed for each 
instrument of authorization requested. . . . The required 
forms may be obtained from the Commission or from any of 
its field offices. (For a list of such offices and related geo- 
graphical districts see the table following these regulations.) 

1.351. Place of filing; number of copies. Each application 
for . . . station license . . . with respect to the number of 
copies and place of filing, shall be submitted as follows: .. . 

Amateur: 1 copy to be sent as follows: (a) To proper 
district office if it requires personal appearance for operator 
examination biel ae ape: viaion from that office; (b) 
direct to Washington, D. C., in all other cases, including 
examinations for Class C privileges. 

1.359. Modification of license . . . each application for 
modification of license shall be filed at least 60 days prior to 
the contemplated modification of license: Provided, however, 
That in emergencies and for good cause shown, the require- 
ments hereof may be waived insofar as time for filing is 
concerned. 

1.360. Renewal of license. Unless otherwise directed by the 
Commission, each application for renewal of license shall be 
filed\at’ least 60 days prior to the expiration date of the 
license Day nae to be renewed. 

1 Answers to notices of violation. Any licensee re- 
ceiving a eal notice of a violation of the terms of the Com- 
munications Act of 1934, any legislative act, Executive 
order, treaty to which the United States is a party, or the 
Rules and Regulations of the Federal Communications 
Commission, shall, within 3 days from such receipt, send a 
written answer direct to the Federal Communications Com- 
mission at Washington, D. C., and a copy thereof to the 
office of the Commission originating the official notice when 
the originating office is other than the office of the Commis- 
sion in Washington, D. C.: Provided, however, That if an 
answer cannot be sent nor an acknowledgment made within 
such 3-day period by reason of illness or other unavoidable 
circumstances, acknowledgment and answer shall be made 
at the earliest practicable date with a satisfactory explana- 
tion of the delay. The answer to each notice shall be com- 
plete in itself and shall not be abbreviated by reference to 
other communications or answers to other notices. If the 
notice relates to some violation that may be due to the 
physical or electrical characteristics of transmitting appara- 
tus, the answer shall state fully what steps, if any, are taken 
to prevent future violations, and if any new apparatus is to 
be installed, the date such apparatus was ordered, the name 
of the manufacturer, and promised date of delivery. .. . If 
the notice of violation relates to some lack of attention or 
improper operation of the transmitter, the name and license 
number of the operator in charge shall be given. 

1.401. Revocation of station license. Whenever the Com- 
mission shall institute a revocation proceeding against the 
holder of any radiostation . . . license . ... it shallinitiate 
said proceeding by eee 7 upon said licensee an order of 
revocation effective not less than 15 days after written 
notice thereof is given the licensee. The order of revocation 
shall contain a statement of the grounds and reasons for such 
proposed revocation and a notice of the licensee’s right to 

e heard by filing with the Commission a written request for 
hearing within 15 days after receipt of said order. Upon the 
filing of such written request for hearing by said licensee the 
order of revocation shall stand suspended and the Commis- 
sion will set a time and place for hearing and shall give the 
licensee and other interested parties notice thereof. If no 
request for Peering on any order of revocation is made by the 
licensee against whom such an order is directed within the 
time hereinabove set forth, the order of revocation shall 
become final and effective, without further action of the 
Commission. When any order of revocation has become final, 
the person whose license has been revoked shall forthwith 
deliver the station license in question to the inspector in 
charge of the district in which the licensee resides. 

1.411. Suspension of operator licenses: Order of suspension. 
No order of suspension of any operator’ 8 license shall take 
effect until 15 days’ notice in writing thereof, stating the 
cause for the proposed suspension, been given to the 
operator licensee who may make written application to the 
Commission at any time within said 15 days for a hearing 
upon such order. The notice to the operator licensee shall not 
be effective until actually received by him, and from that 
time he shall have 15 days in which to mail the said applica- 
tion. In the event that physical conditions prevent mailing 
of the application at the expiration of the 15-day period, the 
application shall then be mailed as soon as possible there- 
after, accompanied by a satisfactory explanation of the 


. 
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delay. Upon receipt by the Commission of such application 
for a hearing, said order of suspension shall be held in 
abeyance until the conclusion of the hearing which shall be 
conducted under such rules as the Commission shall deem 
appropriate. Upon the conclusion of said hearing the Com- 
mission may affirm, modify, or revoke said order of sus- 
pension. 

1.412. Suspension of operator licenses; Proceedings. Pro- 
ceedings for the suspension of an operator’s license shall in 
all cases be initiated by the entry of an order of suspension. 
Respondent be given notice thereof together with 
notice of his right to be heard and to contest the proceeding. 
The effective date of the suspension will not be specified in 
the original order but will be fixed by subsequent motion of 
the Commission in accordance with the conditions ape te 
above. Notice of the effective date of suspension will be 
given respondent, who shall send his operator license to the 
office of the Commission in Washington, D. C., on or before 
the said effective date, or, if the effective date has passed at 
the time notice is received, the license shall be sent to the 
Comsinion forthwith. 

45. License expiration time and periods. Each station 
Pe will be issued so as to expire at the hour 3 a.m. eastern 
standard time. The normal license periods and expiration 
dates are specified under the rules governing the class of 
station concerned. (See Sec. 12.64 of amateur regulations for 
amateur station-license period.) 

2.48. Station inspection. The licensee of any radio station 
shall make the station available for inspection by representa- 
tives of the Commission at any reasonable hour and under 
the regulations governing the class of station concerned. 

2.53. Operators, place of duty. (a) Except as may be pro- 
vided in the rules governing a Fs daggers class of station, one 
or more licensed operators of the grade specified by these 
rules and regulations shall be on duty at the place where the 
transmitting apparatus of each station is located and in 
actual charge thereof wheneyer it is being operated; Pro- 
vided, however, That: (1) Subject to the provisions of para- 
graph (b) of this section, in the case of a station licensed for 
service other than broadcast, where remote control is used, 
the Commission may modify the foregoing requirements 
upon proper application and showing being made so that 
such operator or operators may be on duty at the control 
station in lieu of the place where the transmitting apparatus 
is located. ... 

(b) Authority to employ an operator at the control point 
in accordance with paragraph (a) (1) of this section shall be 
subject to the following conditions: 


(1), The transmitter shall be so installed and protected 
that it is not accessible to other than duly authorized 
persons. 

(2) The emissions of the transmitter shall be con- 
tinuously monitored at the control point by a licensed 
operator of the grade specified for the class of station 
involved. 

(3) Provision shall be made so that the transmitter can 
quickly and without delay be placed in an inoperative 
condition in the event there is a deviation from the terms 
of the station license. 

(4) The radiation of the transmitter shall be suspended 
immediately when there is a deviation from the terms of 
the station license. 


2.59. Distress messages. Each station licensee shall give 
absolute priority to radio communications or signals relating 
to ships or aircraft in distress; shall cease all sending on 
frequencies which will interfere with hearing a radio com- 
munication or signal of distress. . . . 

2.91. Military or naval test communications. The licensee 
of any radio station may, if proper notice from authorized 
government representatives is filed with and approved by 
the Commission, utilize such stations for military or naval 
test communications (messages not necessary for the con- 
duct of ordinary eee business) in preparation for 
national defense during the period or periods stated in said 
notice subject to the sole condition that no interference to 
any service of another country will result therefrom. Noth- 
ing herein or in any other regulation of the Commission shall 
be construed to require any such station to participate in 
any such test. 


AMATEUR REGULATIONS 


DEFINITIONS 


12.1. Amateur service. The term ‘‘amateur service”’ 
means a radio service carried on by amateur stations. 

12.2, Amateur station. The term “amateur station” means 
a station used by an “amateur”, that is, a duly authorized 
person interested in radio technique solely with a personal 
aim and without pecuniary interest. It embraces all radio 
transmitting apparatus at a particular location used for 
amateur service and operated under a single instrument of 
authorization. 
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12.3. Amateur portable station. The term ‘‘amateur porta- 
ble station” 
in fact, that is so constructed that it may conveniently be 
moved about from place to place for communication, and 
that is in fact so moved from time to time, but which is not 
operated while in motion. 

. Amateur portable-mobile station. The term ‘‘amateur 
portable-mobile station’’ means an amateur station that is 
portable in fact, that is so constructed that it may con- 
veniently be transferred to or from a mobile unit or from 
one such unit to another, and that is in fact so transferred 
from time to time and is ordinarily used while such mobile 
unit is in motion. 

12.5. Amateur radio communication. The term ‘‘amateur 
radio communication” means radio communication between 
amateur stations solely with a personal aim and without 
pecuniary interest. 

12.6. Amateur operator. The term ‘‘amateur operator’”’ 
means a person holding a valid license issued by the Federal 
Communications Commission authorizing him to operate 
licensed amateur stations. 


LICENSES; PRIVILEGES 


12.21. Eligibility for license. The following are eligible to 
apply for amateur operator license and privileges: 

Class A — A United States citizen who has within five 
years of receipt of application held license as an amateur 
operator for a year or who in lieu thereof qualified under 
Section 12.46. 

Class B — Any United States citizen. 

Class C — A United States citizen whose actual residence, 
address, and station, are more than 125 miles airline from 
the nearest point where examination is given at least quar- 
terly for Class B; or is shown by physician’s certificate to be 
unable to appear for examination due to protracted dis- 
ability; or is shown by certificate of the commanding officer 
to be in a camp of the Civilian Conservation Corps or in the 
regular military or naval service of the United States at a 
military post or naval station and unable to appear for Class 
B examination. 

12.22. Classification of operating privileges. 
operating privileges are as follows: 

Class A — All amateur privileges. 

Class B — Same as Class A except specially limited as in 
Section 12.116. 

Class C — Same as Class B. 

12.23. Scope of operator authority. Amateur operators’ 
licenses are valid only for the operation of licensed amateur 
stations; provided, however, any person holding a valid radio 
operator's license of any class may operate stations in the 
experimental service licensed for, and operating on, fre- 
quencies above 300,000 kilocycles. 

12.24, Posting of license. The original operator’ 8 license 
shall be posted in a conspicuous place in the room occupied 
by such operator while on duty or kept in his personal 
possession and available for inspection at all times while the 

operator is on duty, except when such license has been filed 
with application or modification or renewal, or has been 
mutilated, lost, or destroyed, and application has been 
made fora duplicate. 

12.25. Duplicate license. Any licensee applying for a 
duplicate license to replace an original which has been lost, 
mutilated, or destroyed, shall submit to the Commission 
such mutilated license or affidavit attesting to the facts re- 
garding the manner in which the original was lost or de- 
stroyed. If the original is later found, it or the duplicate shall. 
be returned to the Commission. 

12.26. Renewal of amateur operator license. An amateur 
operator license may be renewed upon pepe application 
and a showing that within three months of receipt of the 
application by the Commission the licensee has lawfully 
operated an amateur station licensed by the Commission, 
and that he has communicated by radio with at least three 
other such amateur stations. Failure to meet the require- 
ments of this Seon will make it necessary for the applicant 
to ‘again ae Tg 'y by examination. 

ho may operate an aeigeid station. An amateur 
ann may be operated only by a person holding a valid 
amateur operator’s license, and then only to the extent 
provided for by the class of privileges for which the opera- 
tor’s license is endorsed. When an amateur station uses 
radiotelephony (type A-3 emission) the licensee may permit 
any person to transmit by voice, provided a duly licensed 
amateur operator maintains control over the emissions by 
turning the carrier on and off when required and signs the 
station off after the transmission has been completed. 


Amateur 


BXAMINATIONS 


12.41. When required. Examination is required for a new 
license as an amateur operator or for change of class of 
privileges. 


means an amateur station that is portable - 


12.42, Elements of examination. The examination for ama- 
teur operator privileges will comprise the following elements: 

1. Code test — ability to send and receive, in plain lan- 
guage, messages in the International Morse Code at a speed 
of not less than thirteen words per minute, counting five 
characters to the word, each numeral or punctuation mark 
counting as two characters. 

2. Amateur radio operation and apparatus, both tele- 
phone and ape a 

3. Provisions of treaty, statute and regulations affecting 
amateurs. 

4, Advanced amateur radiotelephony. 

12.43. Elements required for various privileges. Examina- 
tions for Class A privileges will include all four examination 
elements as specified in Section 12.42. 

xaminations for Classes B and C privileges will include 
elements 1, 2, and 3 as set forth in Section 12.42. 

12.44, M anner of rd geek 3 examination. Examinations 
for Class A and Class B privileges will be conducted by 
an authorized Commission employee or representative at 
points specified by the Commission. 

xaminations for Class C privileges will be given by vol- 
unteer examiner(s), whom the Commission may designate or 
permit the applicant to select; in the latter event the ex- 
aminer giving the code test shall be a holder of an amateur 
license with Class A or B privileges, or have held within five 
bee a license as a professional radiotelegraph operator or 

ave within that time been employed as a radiotelegraph 
operator in the service of the United States; and the exam- 
iner for the written test, if not the same individual, shall be 
a person of legal age. 

12.45. Additional examination for holders of Class C 
privileges. The Commission may require a licensee holding 
Class C privileges to appear at an examining point for a 
Class B examination. If such licensee fails to appear for 
examination when directed to do so, or fails to pass the 
supervisory examination, the license held will be canceled 
and the holder oe will not be issued another license for 
the Class C privileg 

Whenever the botdee of Class C amateur operator privi- 
leges changes his actual residence or station location to a 
point where he would not be eligible to apply for Class C 
privileges in the first instance, or whenever a new examining 
point is established in a region from which applicants were 
pease eligible for Class C privileges, such holders of 

lass C privileges shall within four months thereafter appear 
at an examining point and be examined for Class B privi- 
leges. The license will be canceled if such licensee fails to 
appear, or fails to pass the examination. 

6. Examination abridgment. An applicant for Class A 
oie who holds a license with Class B privileges, will 
be ear eee to pass only the added examination element, 
No. 4. (See Section 12.42.) 

A holder of Class C privileges will not be accorded an 
BHDdged examination for either Class B or Class A privi- 
eges. 

An applicant who has held a license for the class of privi- 
leges specified below, within five years prior to receipt of 
pr postion, will be credited with examination elements as 
ollows: 


Class of license or privileges Credits 
Commercial extra first...........0.+.- Elements 1, 2 & 4 
Radiotelegraph 1st, 2nd, or 3rd.......| Elements 1 & 2 
Radiotelephone Ist or 2nd..... Ste -| Elements 2 & 4 
Claas) Ayo inis cascaenint tosas Se 6 Sieh ane Elements 2 & 4 





No examination credit is given on account of license of 
Radiotelephone 8rd Class, nor for other class of license or 
peisalenee not above listed. 

12.47. Examination procedure. Applicants shall write 
examinations in longhand — code tests and diagrams in ink 
or pencil, written tests in ink — except that applicants un- 
able to do so because of physical disability may typewrite 
or dictate their examinations and, if unable to draw required 
diagrams, may make instead a detailed description essen- 
tially equivalent, The examiner shall certify the nature of 
the applicant’s disability and, if the examination is dictated, 
the name and address of the person(s) taking and transcrib- 
sa ee applicant's dictation. 

48. Grading. Code tests are graded as passed or failed, 
ocpncedy for sending and receiving tests. A code test is 
failed — free of omission or other error for a continuous 
period of at least one minute at required speed. Failure to 
pass the required code test will terminate the examination. 
wees bs 12.49.) 

ade of 75 per cent is required separately fo 
Claes Bad and Class A written examinations, 
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12.49. Eligibility for reéxamination. An applicant who fails 
examination for amateur privileges may not take another 
examination for such privileges within two months, except 
that this rule shall not apply to an examination for Class B 
following one for Class C.  - 


LICENSES 


12,61. Eligibility for amateur station license. License for an 
amateur station will be issued only to a licensed amateur 
operator who has made a satisfactory showing of control of 
proper transmitting apparatus and control of the premises 
upon which such apparatus is to be located; provided, how- 
ever, that in the case of an amateur station of the military 
or Naval Reserve of the United States located in approved 
public quarters and established for training purposes, but 
not operated by the United States Government, a station 
license may be issued to a person in charge of such a station 
although not a licensed amateur operator. 

12.62. Eligibility of corporations or organizations to hold 
license. An amateur station license will not be issued to a 
school, company, corporation, association, or other organi- 
zation; nor for their use; provided, however, that in the case 
of a bona fide amateur radio society a station license may be 
issued in accordance with Section 12.61 to a licensed ama- 
teur operator as trustee for such society. 

12.63. Location of station. An amateur radio station, and 
the control point thereof when remote control is authorized, 
shall not be located on premises controlled by an alien. Au- 
thority to operate by remote control will be granted only 
upon the filing of a proper application, and supported by a 
showing of the applicant’s legal control of the control point, 
the means employed to control emissions, the equipment 
and method for monitoring, and the precautions adopted to 
prevent access to the premises by unauthorized persons. 

12.64. License period. License for an amateur station will 
normally be for a period of three years from the date of 
issuance of a new, renewed, or modified license. 

12.65. Authorized operation. An amateur station license 
authorizes the operation of all transmitting apparatus used 
by the licensee at the location specified in the station license 
and in addition the operation of portable and portable- 
mobile stations at other locations under the same instrument 
of authorization. 

12.66. Renewal of amateur station license. An amateur sta- 
tion license may be renewed upon proper application and a 
showing that, within three months of receipt of the applica- 
tion by the Commission, the licensee thereof has lawfully 
operated such station in communication by radio with at 
least three other amateur stations licensed by the Commis- 
sion, except that in the case of an application for renewal of 
station license issued for an amateur society or reserve 
group, the required operation may be by any licensed ama- 
teur operator. Upon failure to comply with the above re- 
quirements, a successor license will not be granted until two 
months after expiration of the old license. 

12.67. Posting of station license. The original of each sta- 
tion license or a facsimile thereof shall be posted by the 
licensee in a conspicuous place in the room in which the 
transmitter is located or kept in the personal possession of 
the operator on duty, except when such license has been 
filed with application for modification or renewal, or has 
been mutilated, lost, or destroyed, and application has been 
made for a duplicate. 


CALL SIGNALS 


12.81. Assignment of call letters. Amateur station calls will 
be assigned in regular order and special requests will not be 
considered except that a call may be reassigned to the latest 
holder, or if not under license during the past five years to 
any previous holder, or to an amateur organization in 
memoriam to a deceased member and former holder, and 
particular calls may be temporarily assigned to stations con- 
nected with events of general public interest. 

12.82. Call signals for member of U.S.N.R. In the case of 
an amateur licensee whose station is licensed to a regularly 
commissioned or enlisted member of the United States 
Naval Reserve, the Commandant of the naval district in 
which such station is located may authorize in his discretion 
the use of the call-letter prefix N in lieu of the prefix W or K, 
assigned in the license issued by the Commission; provided 
that such N prefix shall be used only when operating 
in the frequency ‘bands 1750-2050 kilocycles, 3500-4000 
kilocycles, 56,000-60,000 kilocycles, and 400,000-401,000 
kilocycles in accordance with instructions to be issued by 
the Navy Department. 

12.83. Transmission of call signals. An operator of an 
amateur station shall transmit the call letters of the station 
called or being worked and the call letters assigned the 
station which he is operating at the beginning and end of 
each transmission and at least once every 10 minutes during 
every transmission of more than 10 minutes duration. In the 
case of stations conducting an exchange of several transmis- 
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sions in sequence, each transmission of which is of less than 
3 minutes duration, the call letters of the communicating 
stations need be transmitted only once every 10 minutes of 
operation in addition to transmitting the call letters, as 
above, at the beginning and at the termination of the 
correspondence. In addition, an operator of an amateur 
portable or portable-mobile radiotelegraph station shall 
transmit immediately after the call of the station the frac- 
tion-bar character (DN) followed by the number of the 
amateur call area in which the portable or portable-mobile 
amateur station is then operating, as for example: } 

Example 1. Portable or portable-mobile amateur station 
operating in the third amateur call area calls a fixed amateur 
station: WIABC W1ABC WI1ABC DE W2DEF DN3 
W2DEF DN3 W2DEF DN3 AR. 

Example 2. Fixed amateur station answers the portable or 
portable-mobile amateur station: W2DEF W2DEF W2DEF 
DE WiABC W1ABC WIABC K. 

Example 3. Portable or portable-mobile amateur station 
calls a portable or portable-mobile amateur station: W3GHI 
W3GHI W3GHI DE W4JKL DN4 W4JKL DN4 W4JKL 
DN4 AR. 

If telephony is used, the call sign of the station shall be 
followed by an announcement of the amateur call area in 
which the portable or portable-mobile station is operating. 

12.91. Requirements for portable and  portable-mobile 
operation. A licensee of an amateur station may operate 
portable amateur stations (Section 12.3) in accordance with 
the provisions of Sections 12.82, 12.83, 12.92 and 12.136. 
Such licensee may operate portable and portable-mobile 
amateur stations without regard to Section 12.92, but in 
compliance with Sections 12.82, 12.83 and 12.136, when 
such operation takes place on authorized amateur frequen- 
cies above 28,000 kilocyeles. 

12.92. Special provisions for portable stations. Advance 
notice in writing shall be given by the licensee to the in- 
spector in charge of the district in which such portable sta- 
tion is to be operated. Such notices shall be given prior to 
any operation contemplated, and shall state the station call, 
name of licensee, the date of proposed operation, and the 
locations as specifically as possible. An amateur station oper- 
ating under this Section shall not be operated during any 
period exceeding one month without giving further notice to 
the inspector in charge of the radio-inspection district in 
which the station will be operated, nor more than four con- 
secutive periods of one month at the same location. This 
Section does not apply to the operation of portable or port- 
able-mobile amateur stations on frequencies above 28,000 
kilocycles, (See Section 12.91.) 

12.93. Special provisions for non-portable stations. The 
provisions for portable stations shall not be applied to any 
non-portable station except that: 

(a) An amateur station that has been moved from one 
permanent location to another permanent location may be 
operated at the latter location in accordance with the pro- 
visions governing portable stations for a period not exceed- 
ing four months, but in no event beyond the expiration date 
of the license, provided an application for modification of 
license to change the permanent location has been made to 
the Commission in accordance with the rules and regulations. 

(b) The licensee of an amateur station who changes resi- 
dence temporarily and moves his fixed station equipment 
thereto or the licensee-trustee for an amateur radio society 
which changes the location of its fixed amateur station may 
operate from the new location provided that such new 
residence or location is to continue for a period of at least 
fifteen days and not to exceed four months; and provided 
further, that the following requirements are fulfilled: 

(1) Advance notice in writing shall be given by the li- 
censee or licensee-trustee to the Commission’s office in 
Washington, and the Inspector in Charge of the district in 
which such fixed station is to be operated. 

(2) A notice as above shall be required for each change 
in residence or location, and a move to the original, former, 
or new location shall require additional notice before en- 
gaging in operation. 

(3) A station operating under this Section shall employ 
the calling procedure specified in Sec. 12.83, using the frac- 
tional bar character followed by the number of the amateur 
call area in which the station is then operated. 





USE OF AMATEUR STATIONS 


12.101. Points of communication. An amateur station 
shall communicate only with other amateur stations, except 
that in emergencies or for testing purposes it may be used 
also for communication with commercial or Government 
radio stations. In addition, amateur stations may communi- 
cate with any mobile radio station which is licensed by the 
Commission to communicate with amateur stations, and 
with stations of expeditions which may also be authorized 
to communicate with amateur stations. They may also make 
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transmissions to points equipped only with receiving ap- 
paratus for the measurement of emissions, observation of 
transmission phenomena, radio control of remote objects, 
and similar purely experimental purposes. 

12.102. No remuneration for use of station. An amateur 
station shall not be used to transmit or receive messages 
for hire, nor for communication for material compensation, 
direct or indirect, paid or promised. 

12.103. Broadcasting prohibited. An amateur station shall 
not be used for broadcasting any form of entertainment, 
nor for the simultaneous retransmission by automatic means 
of programs or signals emanating from any class of station 
other than amateur. 

12.104. Radiotelephone tests. The transmission of music 
by an amateur station is forbidden. However, single audio- 
frequency tones may be transmitted by radiotelephony for 
test purposes of short duration in connection with the de- 
velopment of experimental radiotelephone equipment. 


ALLOCATION OF FREQUENCIES 


*12.111. Frequencies for exclusive use of amateur stations. 
The following bands of frequencies are allocated exclusively 
for use by amateur stations: 


1,750 to 2,050 ke. 
3,500 to 4,000 ke. 
7,000 to 7,300 ke. 
14,000 to 14,400 ke. 


28,000 to 30,000 ke. 
56,000 to 60,000 ke, 
112,000 to 116,000 ke. 
224,000 to 230,000 ke. 
400,000 to 401,000 ke. 


12.112. Use of frequencies above 300,000 kilocycles. The 
licensee of an amateur station may, subject to change upon 
further order, operate amateur stations, with any type of 
emission authorized for amateur stations, on any frequency 
above 300,000 kilocycles without separate licenses therefor. 

12.113. Individual frequency not specified. Transmissions 
by an amateur station may be on any frequency within the 
bands assigned. Sideband frequencies resulting from keying 
or modulating a transmitter shall be confined within the 
frequency band used. 

12.114. Types of emission. All bands of frequencies 
allocated to the amateur service may be used without modu- 
lation (Type A-1 emission).! 


Type A-1 — Telegraphy on pure continuous waves. 
Type A-2 — Modulated telegraphy. 

Type A-3 — Telephony. 

Type A-4 — Facsimile. 

Type A-5 — Television. 


* 12,115. Additional bands for types of emission using am- 
plitude modulation. The following bands of frequencies are 
allocated for use by amateur stations using additional types 
of emission ! as shown: 


1,750 to 2,050 ke. = = A-4 _— 
1,800 to 2,050 ke. _ A-3 —_ os 
28,100 to 30,000 kc. — A-3 _ a 
56,000 to 60,000 ke. A-2 A-3 A-4 — 
112,000 to 116,000 ke. A-2 A-3 A-4 A-5 
224,000 to 230,000 kc. A-2 A-3 A-4 A-5 
400,000 to 401,000 ke. A-2 A-3 A-4 A-5 


* 12.116. Additional bands for radiotelephony. Amateur sta- 
tions may use radiotelephony with amplitude modulation 
(Type A-3 emission)! in the frequency bands 3900 to 4000 
ke. and 14,150 to 14,250 ke.; provided the station is licensed 
to a person who holds an amateur operator license endorsed 
with Class A privileges, and actually is operated by an 
amateur operator holding Class A privileges. 

12.117. Frequency modulation. The following bands of 
frequencies are allocated for use by amateur stations for 
radiotelephone frequency modulation transmission: ? 


29,250 to 30,000 ke. 
58,500 to 60,000 ke. 
112,000 to 116,000 ke. 
224,000 to 230,000 ke. 
400,000 to 401,000 ke. 


EQUIPMENT AND OPERATION 


12.131. Maximum power input. The licensee of an ama- 
teur station is authorized to use a maximum power input of 
1 kilowatt to the plate circuit of the final amplifier stage of 
an oscillator-amplifier transmitter or to the plate circuit of 
an oscillator transmitter. An amateur transmitter operating 





* Temporarily suspended. See, near end of this chapter, dis- 
cussion of ‘‘Temporary Rearrangement of Frequencies.” 

1 Types of emission: Emissions are classified according to the 
purpose for which they are used, assuming their modulation or 
their possible keying to be only in amplitude, as follows: 

2 When using frequency modulation no simultaneous ampii- 
tude modulation is permitted. 


with a power input exceeding nine-hundred watts to the 
plate circuit shall provide means for accurately measuring 
the plate power input to the vacuum tube, or tubes, supply- 
ing power to the antenna. 

12.132. Power supply to transmitter. The licensee of an 
amateur station using frequencies below 60,000 kilocycles 
shall use adequately filtered direct-current plate power sup- 
ply for the transmitting equipment to minimize frequency 
modulation and to prevent the emission of broad signals. 

12.183. Requirements for prevention of interference. Spuri- 
ous radiations from an amateur transmitter operating on 2 
frequency below 60,000 kilocycles shall be reduced or elimi- 
nated in accordance with good engineering practice and 
shall not be of sufficient intensity to cause interference on 
receiving sets of modern design which are tuned outside 
the frequency band of emission normally required for the 
type of emission employed. In the case of A-3 emission, the 
transmitter shall not be modulated in excess of its modula- 
tion capability to the extent that interfering spurious radia- 
tions occur, and in no case shall the emitted carrier be 
amplitude-modulated in excess of 100 per cent. Means shall 
be employed to insure that the transmitter is not modulated 
in excess of its modulation capability. A spurious radiation 
is any radiation from a transmitter which is outside the 
frequency band of emission normal for the type of trans- 
mission employed, including any component whose fre- 
quency is an integral multiple or submultiple of the carrier 
frequency (harmonics and subharmonics), spurious modula- 
tion products, key clicks, and other transient effects, and 
parasitic oscillations. The frequency of emission shall be as 
constant as the state of the art permits. 

12.134. Modulation of carrier waves. Except for brief tests 
or adjustments, an amateur radiotelephone station shall 
not emit a carrier wave on frequencies below 112,000 kilo- 
cycles unless modulated for the purpose of communication. 

12.135. Frequency measurement and regular check. The 
licensee of an amateur station shall provide for measure- 
ment of the transmitter frequency and establish procedure 
for checking it regularly. The measurement of the trans- 
mitter frequency shall be made by means independent of 
the frequency control of the transmitter and shall be of 
sufficient accuracy to assure operation within the frequency 
band used. 

12.136. Logs. Each licensee of an amateur station shall 
keep an accurate log of station operation, including the 
following data: : 

(a) The date and time of each transmission, (The date 
need only be entered once for each day’s operation. The ex- 
pression “time of each transmission” means the time of 
making a call and need not be repeated during the sequence 
of communication which immediately follows; however, an 
entry shall be made in the log when ‘‘signing off” so as to 
show the period during which communication was carried 


on. 

(b) The signature of the person manipulating the trans- 
mitting key of a radiotelegraph transmitter or the signa- 
ture of the person operating a transmitter of any other type 
(type A-3 or A-4 emission) with statement as to type of emis- 
sion, and the signature of any other person who transmits by 
voice over a radiotelephone transmitter (type A-3 emission). 
(The signature need only be entered once in the log provided 
the log contains a statement to the effect that all transmis- 
sions were made by the person named except where other- 
wise stated. The signature of any other person who operates 
the station shall be entered in the proper space for his trans- 


missions.) i 

(c) Call letters of the station called. (This entry need not 
be repeated for calls made to the same station during any 
sequence of communication, provided the time of “signing 
off"’ is given.) 

(d) The input power to the oscillator, or to the final am- 
plifier stage where an oscillator-amplifier transmitter is 
employed. (This need be entered only once, provided the 
input power is not changed.) 

(e) The frequency band used. (This information need be 
entered only once in the log for all transmissions until there 
is a change in frequency to another amateur band.) : 

(f) The location of a portable or portable-mobile station 
at the time of each transmission. (This need be entered only 
once provided the location of the station is not changed. 
However, suitable entry shall be made in the log upon 
changing location, showing the type of vehicle or mobile 
unit in which the station is operated and the approximate 
geographical location of the station at the time of operation.) 

(g) The message traffic handled. (If record communica- 
tions are handled in regular message form, a copy of each 
message sent and received shall be entered in the log or re- 
tained on file for at least one year. 

The log shall be preserved for a period of at least one year 
following the last date of entry. The copies of record com- 
munications and station log, as required under this section, 
shall be available for inspection upon request by an author- 
ized Government representative. 
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SPECIAL CONDITIONS 


12.151. Additional conditions to be observed by licensee. 
An amateur station license is granted subject to the condi- 
tions imposed in Sections 12.152 to 12.155 inelusive, in addi- 
tion to any others that may be imposed during the term of 
the license. Any licensee receiving due notice requiring the 
station licensee to observe such conditions shall immediately 
act in conformity therewith. 

12.152. Quiet hours. In the event that the operation of an 
amateur station causes general interference to the reception 
of broadcast programs with receivers of modern design, such 
amateur station shall not operate during the hours from 8 
o’clock p.m. to 10:30 p.M., local time, and on Sunday for the 
additional period from 10:30 a.m. until 1 p.m., local time, 
upon such frequency or frequencies as cause such inter- 
ference. 

12.153. Second notice of same violation. In every case 
where an amateur station licensee is cited a second time 
within a year for the same violation under Sections 12.111, 
12.118, 12.114, 12.116, 12.117, 12.132, or 12.133, the Com- 
mission will direct that the station remain silent from 6 
P.M. to 10:30 p.m., local time, until written notice has been 
received authorizing full-time operation. The licensee shall 
arrange for tests at other hours with at least two amateur 
stations within fifteen days of the date of notice, such tests 
to be made for the specific purpose of aiding the licensee in 
determining whether the emissions of his station are in ac- 
cordance with the Commission’s Regulations. The licensee 
shall report under oath to the Commission at the conclusion 
of the tests as to the observations reported by amateur 
licensees in relation to the reported violation. Such reports 
shall include a statement as to the corrective measures taken 
to insure compliance with the Regulations. 

12.154. Third notice of same violation. In every case where 
an amateur station licensee is cited the third time within a 
year for the same violation as indicated in Section 12.153, 
the Commission will direct that the station remain silent 
from 8 A.M. to 12 midnight, local time, except for the pur- 
pose of transmitting a prearranged test to be observed by 
a monitoring station of the Commission to be designated 
in each particular case. Upon completion of the test the sta- 
tion shall again.remain silent during these hours until 
authorized by the Commission to resume full-time operation. 
The Commission will consider the results of the tests and the 
licensee’s past record in determining the advisability of sus- 
ending the operator license and/or revoking the station 
icense. 

12.155. Operation in emergencies. In the event of wide- 
spread emergency conditions affecting domestic communi- 
cation facilities, the Commission may confer with represent- 
atives of the amateur service and others and, if deemed 
advisable, will declare that a state of general communica- 
tions emergency exists, designating the licensing area or 
areas concerned (in general not exceeding 1000 miles from 
center of the affected area), whereupon it shall be incumbent 
upon each amateur station in such area or areas to observe 
the following restrictions for the duration of such emer- 
gency: 

(a) No transmissions except those relating to relief work 
or other emergency service such as amateur nets can afford, 
shall be made within the 1750-2050 kilocycle or 3500-4000 
kilocycle amateur bands. Incidental calling, testing, or 
working, including casual conversation or remarks not per- 
tinent or necessary to constructive handling of the general 
situation shall be prohibited. 

(b) The frequencies 2025-2050, 3500-3525, and 3975- 
4000 kilocycles shall be reserved for emergency calling 
channels, for initial calls from isolated stations or first calls 
concerning very important emergency relief matters or ar- 
rangements. All stations having occasion to use such chan- 
nels shall, as quickly as possible, shift to other frequencies 
for carrying on their communications. 

(c) A five-minute listening period for the first five min- 
utes of each hour shall be observed for initial calls of major 
importance, both in the designated emergency calling 
channels and throughout the 1750-2050 and 3500-4000 
kilocycle bands. Only stations isolated or engaged in han- 
dling official traffic of the highest priority may continue with 
transmissions in these listening periods, which must be ac- 
curately observed. No replies to calls or resumption of 
routine traffic shall be made in the five-minute listening 
period. 

_ (d) The Commission may designate certain amateur sta- 
tions to assist in promulgation of its emergency announce- 
ment, and for policing the 1750-2050. and 3500-4000 kilo- 
cycle bands and warning non-complying stations noted 
operating therein. The operators of these observing stations 
shall report fully the identity of any stations failing, after 
due notice, to comply with any section of this regulation. 
Such designated stations will act in an advisory capacity 
when able to provide information on emergency circuits. 
Their policing authority is limited to the transmission of in- 


Regulations and Dike 


formation from responsible official sources, and full reporta 
of non-compliance which may serve as a basis for investiga- 
tion and action under Section 502 of the Communications 
Act. Policing authority extends only to 1750-2050 and 
3500-4000 kilocycle bands. Individual policing transmissions 
shall refer to this Section by number, shall specify the date 
of the Commission’s declaration, the area and nature of the 
emergency, all briefly and concisely. Policing-observer sta- 
tions shall not enter into discussions beyond essentials with 
the stations notified, or other stations. : ' 

(e) These special conditions imposed under this Section 
will cease to apply only after the Commission shall have 
declared such emergency to be terminated. __ : 

12.156. Obscenity, indecency, profanity, No licensed radio 
operator or other person shall transmit communications 
containing obscene, indecent, or profane words, language, 
or meaning. 

12.157. False signals. No licensed radio operator shall 
transmit false or deceptive signals or communications by 
radio, or any call letter or signal which has not been assigned 
by proper authority to the radio station he is operating. — 

12.158. Unidentified communications. No licensed radio 
operator shall transmit unidentified radio communications 
or signals. 3 

12.159. Interference. No licensed radio operator shall 
willfully or maliciously interfere with or cause interference 
to any radio communication or signal. ‘ 

12.160. Damage to apparatus. No licensed radio operator 
shall willfully damage, or cause or permit to be damaged, 
any radio apparatus or installation in any licensed radio 
station. A 

12.161. Fraudulent licenses. No licensed radio operator 
or other person shall obtain or attempt to obtain, or assist 
another to obtain or attempt to obtain, an operator license 
by fraudulent means. 


TEMPORARY FCC ORDERS 
ORDER NO. 72 (Foreign contacts prohibited) 
(Effective until further order of FCC) 


At a meeting of the Federal Communications Commission 
held at its offices in Washington, D. C., on the fourth day 
of June, 1940: 

Pursuant to authority contained in Sec. 303 of the Com- 
munications Act of 1934, and in accordance with Article 8, 
Sec. 1, General Radio Regulations (Cairo Revision, 1938) 
annexed to the International Telecommunications Conven- 
tion (Madrid, 1934), : 

IT IS ORDERED, That amateur radio operators and 
amateur radio stations licensed by the Federal Communica- 
tions Commission shall not exchange communications with 
operators or radio stations of any foreign government or 
located in any foreign country; Provided, however, that this 
Order is not intended to prohibit the exchange of communi- 
cations between licensed amateur operators and licensed 
amateur stations in the continental United States and 
licensed amateur operators and licensed amateur stations in 
the several Territories and possessions of the United States, 
or between licensed amateur operators and licensed amateur 
stations in the Continental United States and United States 
citizens authorized to operate amateur stations in the Philip- 
pine Islands or the Canal Zone, or between licensed amateur 
operators and licensed amateur stations in the several 
Territories and possessions of the United States. 

IT IS FURTHER ORDERED, That all Rules and Regu- 
lations of the Commission inconsistent with this Order, BE, 
AND THE SAME ARE HEREBY, SUSPENDED, pend- 
ing the further Order of the Commission. | 

This Order shall become effective immediately. 

BY THE COMMISSION 
T. J. Slowie, Secretary 


ORDER NO. 73 (Portable operation) 


(Effective, as modified by Order 73-A and interpretation 
mentioned below, until further order of FCC) 


At a meeting of the Federal Communications Commission 
held at its offices in Washington, D. C., on the seventh day 
of June, 1940. ; 

Pursuant to authority contained in Section 303 of the 
Communications Act of 1934, as amended, ; 

IT IS ORDERED, That portable and portable-mobile 
radio station operation by licensed amateur operators and 
stations BE, AND THE SAME IS HEREBY, PROHIB- 
ITED, pains the further Order of the Commission; 
Provided that licensed portable and portable-mobile ama- 
teur stations may operate on frequencies above 56,000 
kilocycles at locations within the continental United States, 
its Territories and possessions, and Provided further that 
during the period of the American Radio Relay League 
field day tests, June 22—23, 1940, this Order shall not apply 
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to communications transmitted by licensed portable and 
portable-mobile amateur stations participating in such 


ests. 

IT IS FURTHER ORDERED, That all Rules and Regu- 
lations of the Commission inconsistent with this Order BE, 
AND THE SAME ARE HEREBY, SUSPENDED, pend- 
ing the further Order of the Commission. 

This Order shall become effective immediately. 


FEDERAL COMMUNICATIONS COMMISSION 
T. J. Slowie, Secretary 


ORDER No. 73-A (Portable operation) 


At a meeting of the Federal Communications Commission 

il in tre offices in Washington, D. C., on the 11th day of 
une, 

ITIS ORDERED, That Commission Order No. 73 dated 
on it pee da a, of June, 1940, BE, AND THE SAME IS 
HE NDED by adding to the first ordering 
peracraph tiered the following: “‘ It is further provided that 
this order shall not apply to the operation of licensed port- 
able and portable-mobile amateur stations (1) actually 
engaged in supplying or attempting to supply domestic 
communication in the public interest during a bona-fide 
communications emergency when normal facilities are 
inadequate or non-existent, or (2) actually engaged in the 
domestic testing and developing of self-powered portable 
and portable-mobile equipment intended for use in domestic 
communications emergencies, during the hours between 
sunrise and sunset, local time, on Saturdays and Sundays of 
each week, provided notice of such testing and developing 
operation shall have been given at least 48 hours in advance 
to the Federal Communications Commission Inspector in 
Charis, of the district in which such operation is contem- 
plate 

This order shall become effective immediately. 


FEDERAL COMMUNICATIONS COMMISSION 
T. J. Slowie, Secretary 


ORDER NO. 75 (Proof of citizenship required) 
(Effective until further order of the FCC) 


At a meeting of the Federal Communications Commission 
held at its offices in Washington, D. C., on the 18th day of 
June, 1940. 

Pursuant to authority contained in the Communications 
Act of 1934, as amended, 

IT IS ORDERED, That on or before the 15th day of 
August 1940, each radio operator who holds an outstanding 
commercial or amateur radio operator license issued by this 
Commission, shall file with the Commission his response, 
under oath, to the attached questionnaire (Form No. 735) 
and shall furnish the additional data and documents re- 
quired therein 

IT IS FURTHER ORDERED, That on and after the 
date of this Order, each application for a new commercial or 
amateur radio operator license shall be accompanied by the 
applicant’s response, under oath, to the attached question- 
naire (Form No. 735) together with the additional data and 
documents required therein 

‘IT IS FURTHER ORDERED, That on and after the 
date of this Order, each application fora renewal of a com- 
mercial or amateur radio operator license shall be accom- 
panied by the applicant’s response to the attached question- 
naire (Form No. 735), together with the additional data and 
documents required therein; Provided, however, that such 
response need not be submitted with a renewal application 
if-a response previously has been made pursuant to the 
first ordering paragraph herein. 

This Order shall become effective immediately. 


FEDERAL COMMUNICATIONS COMMISSION 
T. J. Slowie, Secretary 


ORDER NO. 77 (Proof of use suspended) 
(Effective only until January 1, 1942) 


The Commission having under consideration its Rules 
Governing Amateur Radio Stations and Operators and its 
Rules Governing Commercial Radio Operators, with par- 
ticular reference to the provisions concerning renewals; and 

IT APPEARING, that present conditions render it ‘diffi- 
cult for commercial radio operators and for amateur radio 
station licensees and operators to make the showin de eed serv- 
ice or use required for renewal of license; and that such 
difficulty will be accentuated in many instances due to 
military service 

IT IS ORDERED, that Sections 12.26 and 12.66 of the 
Rules Governing Amateur Radio and Section 13.28 of the 
Rules Governing Commercial Radio O sole in so far as 
the required showing of service or use of license is concerned, 
BE, AND THEY ARE HEREBY, SUSPENDED until 


further order of the Commission, but in no event beyond 
January 1, 19 


ue Order shall take effect on the 4th day of December 


FEDERAL COMMUNICATIONS COMMISSION 
John B. Reynolds, Acting Secretary 


ORDER NO. 81 (Renewal of licenses, armed forces) 
(Effective until further order of FCC) 


At a session of the Federal Communications Commission 
Bed = an offices in Washington, D. C., on the 27th day of 
ay, 


The Commission having under consideration its Rules of 
Practice and Procedure and its Rules Governing Amateur 
Radio: Stations and Operators, with particular reference to 
the provisions concerning applications for renewal of license; 


an 

IT APPEARING, that service with the armed forces of 
the Nation renders it difficult for many amateur radio op- 
erator and station licenses to comply with the formal re- 
quirements of the Commission’s rules relative to the filing 
of applications for renewal of license: 

IT IS ORDERED that until further order of the Com- 
mission amateur radio operator and station licensees, serving 
with the armed forces of the Nation, who desire to renew 
outstanding licenses may submit to the Commission by let- 
ter, an informal application for renewal in lieu of the for- 
mal eto required by the Commission’s rules; 

PROV HOWEVER, that such informal applica- 
tion for fe by letter must set forth the fact that the 
applicant is serving with the armed forces of the Nation 
and must be accompanied by a signed statement of the 
peptonnt's immediate commanding officer verifying that 

‘ac 


This Order shall become effective immediately. 


FEDERAL a gs if oe ag tee 
Slowie, Secretary 


TEMPORARY LOAN OF FREQUENCIES 


On July 22, 1941, the Commission gave 
notice of its intention to take action over the 
next few months that will temporarily restrict 
amateur operation within the continental U. 8. 
on the frequencies from 3650 to 3950 ke., to 
make them available for the vast military 
aircraft pilot training program being estab- 
lished throughout the U. S. This action is to 
take the form of a series of orders releasing 
the frequencies in question as required. 

In order to provide maximum facilities for 
various types of amateur work under these 
temporary changes, the Commission is also 
rearranging certain other amateur allocations, 
particularly with respect to the radiotele- 
phone sub-bands. 

The first order under the plan follows: 


At a meeting of the Federal Communications Commission 
held in its offices in Washington, D. C., on the 22nd day of 
August, 1941; 

The Commission having under consideration its rules 
governing Amateur Radio Stations and Operators with par- 
ticular reference to the matter of temporary withdrawal of 
certain frequencies from the amateur service; and 

IT APPEARING that a hearing on the above-entitled 
matter was held on August 18, 1941, at which time an op- 
portunity was afforded any party affected thereby to pro- 
test the temporary withdrawal of such frequencies from the 
Amateur Service for the training of military airplane pilots, 
will serve the public interest, convenience and necessity; 
therefore, 

IT IS ORDERED that Sections 12.111 and 12.115 of 
Part 12 of the Rules and Regulations of the Commission, 
insofar as they pertain to the continental limits of the 
United States, BE, AND THEY ARE HEREBY, SUS- 
PENDED UNTIL FURTHER ORDER OF THE COM- 
MISSION; 

IT IS FURTHER ORDERED that the following Tem- 
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porary Rules Governing Amateur Radio Stations be effece 
tive during the period of the suspension of the foregoing 
sections; 


Temporary Rule 12.111. Frequencies for exclusive use of ama- 
teur stations. — The following bands of frequencies are al- 
located exclusively for use by amateur stations subject to 
change with respect to 8650-3800 kilocycles and 3900- 
3950 kilocycles upon further order of the Commission: 


1750 to 2050 kilocycles 
3500 to 3800 kilocycles 
3900 to 4000 kilocycles 
7000 to 7300 kilocycles 
14000 to 14400 kilocycles 
28000 to 30000 kilocycles 
56000 to 60000 kilocycles 


112000 to 116000 kilocycles 
224000 to 230000 kilocycles 
400000 to 401000 kilocycles . 


Provided, however, that amateur licensees located in the 
states of Maine, New Hampshire, Vermont, Massa- 
chusetts, Rhode Island, Connecticut, New York, New 
Jersey, Pennsylvania, Delaware, Maryland, District of 
Columbia, Ohio, Michigan, Indiana, Illinois, Wisconsin, 
Minnesota, Iowa, North Dakota, South Dakota, Wyom- 
ing, Montana, Idaho, Oregon, and Washington, may use 
the frequencies in the band 3800-3900 kilocycles for Type 
A-1 emission during the period between two hours after 
local sunrise and two hours before local sunset subject to 
the condition that no interference is caused to government 
operation on these frequencies. The privilege conferred 
by this proviso with respect to any amateur or to the ama- 
teurs within any area may be terminated at any time with- 
out advance notice or hearing should interference de- 
velop. 


Temporary Rule 12.115. Additional bands for types of emis- 
sion using amplitude modulation. — The following bands 
of frequencies are allocated for use by amateur stations 
using additional types of emission as shown: 


1750 to 1900 kilocycles _ _ 
1900 to 2050 kilocycles _— 


th 
Ce 


R. egulations ad Dyaihe 


7250 to 73800 kilocycles _— A3 — — 
28100 to 30000 kilocycles _— A-3 — _ 
56000 to 60000 kilocycles A2 A-3 A4 — 

112000 to 116000 kilocycles A-2 A-3 A-+4 A-5 
224000 to 230000 kilocycles A-2 A-3 A-4 = A-5 
400000 to 401000 kilocycles A-2 A-3 A-4 A-5 


This order shall take effect on the 20th day of December, 
1941; Provided, however, That should need therefor arise, 
the Commission may, by subsequent order, advance the 
effective date hereof to a date prior to December 20, 1941, 
but not less than thirty (30) days from the date of this ac- 
tion. 

FEDERAL COMMUNICATIONS COMMISSION 
T. J. Slowie, Secretary 


These temporary rules have the effect of 
vacating 3800-3900 kc. as the first step under 
the plan. Simultaneously they reduce the 160- 
meter ’phone band to 1900-2050 ke. but open 
a new ’phone band, 7250-7300 ke. 

Two future orders are contemplated to 
complete the transfer of frequencies in the 
3650-3950 ke. region. Dates are uncertain, but 
one, probably effective in early 1942, is ex- 
pected to vacate 3750-3800 and 3900-3950 ke. 
The last order, probably effective in March or 
April, 1942, is expected to vacate 3650-3750 
ke. Amateurs are required to keep themselves 
informed of these changes as they occur. 

None of the orders here mentioned is 
actual changes in the regulations; the regula- 
tions remain the same but these orders tem- 
porarily affect the operation of some of them. 
Amateurs should read QST each month to keep 
posted on modification of the above orders, or 
details of any new ones. 


be Radio Amba: ef ee | 
U S Radio Dstrick 


District 


Territory 


Address, Radio Inspector-in-Charge 





No. 1 The States of Connecticut, Maine, Massachusetts, New Hampshire, Rhode 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


2 


10 


Ape 


. 19 
. 20 


. 21 
. 22 
- 23 


Island and Vermont. 


The counties of Albany, Bronx, Columbia, Delaware, Dutchess, Greene, 
ings, Nassau, New York, Orange, Putnam, Queens, Rensselaer, Rich- 
mond, Rockland, Schenectady, Suffolk, Sullivan, Ulster and Westchester 
of the State of New York; and the counties of Bergen, Essex, Hudson, 
Hunterdon, Mercer, Middlesex, Monmouth, Morris, Passaic, Somerset, 
Sussex, Union and Warren of the State of New Jersey. 


The counties of Adams, Berks, Bucks, Carbon, Chester, Cumberland, 
Dauphin, Delaware, Lancaster, Lebanon, Lehigh, Monroe, Montgomery, 
Northampton, Perry, Philadelphia, Schuylkill and York of the State of 
Pennsylvania; and the counties of Atlantic, Burlington, Camden, Cape 
May, Cumberland, Gloucester, Ocean and Salem of the State of New 
Jersey; and the county of Newcastle of the State of Delaware. 


The State of Maryland; the District of Columbia; the counties of Arlington, 
Clark, Fairfax, Fauquier, Frederic, Loudoun, Page, Prince William, 
Rappahannock, Shenandoah and Warren of the State of Virginia; and the 
counties of Kent and Sussex of the State of Delaware. 


The State of Virginia except that part lying in District 4, and the State of 
North Carolina except that part lying in District 6. 


The States of Georgia, South Carolina, and Tennessee; and the counties 
of Ashe, Avery, Buncombe, Burke, Caldwell, Cherokee, Clay, Cleveland, 
Graham, Haywood, Henderson, Jackson, McDowell, Macon, Madison, 
Mitchell, Polk, Rutherford, Swain, Transylvania, Watauga and Yancey 
of the State of North Carolina; and the State of Alabama except that 
port lying in District 8. 


The State of Florida except that part lying in District 8. 


The States of Arkansas, Louisiana and Mississippi; and the city of Tex- 
arkana in the State of Texas; the county of Escambia in the State of Flor- 
ida; the counties of Mobile and Baldwin in the State of Alabama. 


The counties of Aransas, Brazoria, Brooks, Calhoun, Cameron, Chambers, 
Fort Bend, Galveston, Goliad, Harris, Hidalgo, Jackson, Jefferson, Jim 
Wells, Kenedy, Kleberg, Matagorda, Nueces, Refugio, San Patricio, 
Victoria, Wharton and Willacy of the State of Texas. 


The State of Texas except that part lying in District 9 and in the city of 
Texarkana; and the States of Oklahoma and New Mexico. 


The State of Arizona; the county of Clarke in the State of Nevada; and the 
counties of Imperial, Inyo, Kern, Los Angeles, Orange, Riverside, San 
Bernardino, San Diego, San Luis Obispo, Santa Barbara and Ventura of 
the State of California. 


The State of California except that part lying in District 11; the State of 
Nevada except the county of Clarke; Guam, Wake, Midway, Am. Samoa. 


The State of Oregon; and the State of Idaho except that part lying in Dis- 
trict 14; and the counties of Wahkiakum, Cowlitz, Clark, Skamania and 
Klickitat of the State of Washington. 


The State of Montana; the State of Washington except that part lying in 
District 13; and the counties of Benewah, Bonner, Boundary, Clear- 
water, Idaho, Kootenai, Latah, Lewis, Nez Perce and Shoshone of the 
State of Idaho. 


The States of Colorado, Utah and Wyoming. 


The States of North Dakota, South Dakota and Minnesota; the counties of 
Alger, Baraga, Chippewa, Delta, Dickinson, Gogebic, Houghton, Iron, 
Keweenaw, Luce, Mackinac, Marquette, Menominee, Ontonagon and 
Schoolcraft of the State of Michigan; and the State of Wisconsin except 
that part lying in District 18. 

The States of Nebraska, Kansas and Missouri; and the State of lowa except 
that part lying in District 18. 

The States of Indiana and Illinois; the counties of Allamakee, Buchanan, 
Cedar, Clayton, Clinton, Delaware, Des Moines, Dubuque, Fayette, 
Henry, Jackson, Johnson, Jones, Lee, Linn, Louisa, Muscatine, Scott, 
Washington and Winneshiek of the State of Iowa; the counties of Colum- 
bia, Crawford, Dane, Dodge, Grant, Green, Iowa, Jefferson, Kenosha, 
Lafayette, Milwaukee, Ozaukee, Racine, Richland, Rock, Sauk, Wal- 
worth, Washington and Waukesha of the State of Wisconsin. 


The State of Michigan except that part lying in District 16; the States of 
Ohio, Kentucky and West Virginia. 


The State of New York except that part lying in District 2, and the State 
of Pennsylvania except that part lying in District 3. 


The Territory of Hawaii. 
Puerto Rico and the Virgin Ids.* 
The Territory of Alaska* 


Customhouse, Boston, Mass, 


748 Federal Bldg., 641 Washington 
St., New York, N. Y. 


1200 New U. S. Customhouse, 
Second and Chestnut Sts., Phila- 
delphia, Pa. 


Fort McHenry, Baltimore, Md. 


ng. New Post Office Bldg., Norfolk, 
a. 


411 Federal Annex, Atlanta, Ga. 


312 Federal Bldg., Miami, Fla. 
308 Customhouse, New Orleans, La. 


404 Federa /Bldg., Galveston, Tex. 


500 U. S. Terminal Annex Bldg. 
Dallas, Tex. 


539 U. S. Post Office & Courthouse 
Bldg., Los Angeles, Calif. 


328 aan alt San Francisco, 
if, 


805 Terminal Sales Bldg., 1220 S. W 
Morrison St., Portland, Ore. 


808 Federal Office Building, Seattle, 
Wash. 


504 Customhouse, Denver, Colo. 


208 Uptown P. O. &_ Federal 
Courts Bldg., St. Paul, Minn. 


809 U. S. Courthouse, Kansas City, 
Mo. 


ee ag S. Courthouse Bldg., Chicago, 


1025 New Federal Bldg., Detroit, 
Mich. 


518 Federal Building, Buffalo, N. Y. 


Aloha Tower, Honolulu, T. H. 
322 Federal Bldg., San Juan, P. R. 
7 Shattuck Bldg., Juneau. 


* Amateur applicants in Alaska and the Virgin Ids. are not required to take the Class B test but may apply for Class C 
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To Handbook Proadors. 


WHO ARE NOT 


A.R.R.L. MEMBERS 


Amateur Radio of Jo-day Ys the Result 
of the Efforts of A. RRL. 


FOR TWENTY-SEVEN YEARS the A.R.R.L. has been the organized 


body of amateur radio, its representative in this country and abroad, its champion 
against attack by foreign government and American commercial, its leader in 
technical progress. 


To save yourself 5Oc a year (newsstand To be eligible to vote for Director 
copies of QST cost $3). and Section Comm. Manager (only 
To be sure of getting your copy of OST A.R.R.L. members receive ballots). 


first. 
To lend the strength of your support to 


the organization which represents 
YOU at all important radio con- 
ferences. 


To be sure of getting your copy of OST 
(newsstands are often sold out). 


To be eligible for appointment or elec- 
tion to A.R.R.L. offices. 


To be eligible to sign petitions for your Yo have YOUR part in the A.R.R.L., 


Director, your representative on the which has at heart the welfare of all 
A.R.R.L. Board. amateurs. 


A bona fide interest in amateur radio is the only essential requirement but full vot- 
ing membership is granted only to licensed radio amateurs of the United States 
and Canada. Therefore, if you have a license, please be sure to indicate it below. 


AMERICAN RADIO RELAY LEAGUE, West Hartford, Conn., U.S.A. 


Being genuinely interested in-Amateur Radio, I hereby apply for membership in 
I OIN the American Radio Relay League, and enclose $2.50 ($3.00 in foreign countries) 
in payment of one year’s dues, $1.25 of which is for a subscription to OST for 


the same period. Please begin my subscription with the 
THE The call of my station is The class of my operator’s license 


LEAGUE! 


er 


Send my Certificate of Membership 0 or Membership Card (] (indicate 
which) to the address below: 





| To Handbook Readers 
Who Are Already A.R.R.L. Members 


For members who hold amateur licenses, who are interested in radio activities and Communications Depart- 
ment operating work (explained fully, Chapter 31), here is an application blank which may be filled out 
for appointment as either Official Relay Station (for telegraphing members) or Official Phone Station (for voice 
operated member-stations). Copy this, or cut and fill it out, and send it direct to your Section Communications 
Manager (address in QST) or to A.R.R.L. Headquarters, 38 LaSalle Road, West Hartford, Connecticut, for 


routing to the proper S.C.M. for attention if you are interested. 

The Communications Department field organization includes only the United States and its territories, and 
Canada, Newfoundland, Labrador, Cuba, and the Philippine Islands. Foreign applications, that is, those from 
outside these areas, cannot be handled. 


STATION 


(RELAY OR PHONE?) 


Section, A.R.R.L. 


IN MAKING APPLICATION FOR APPOINTMENT AS OFFICIAL RELAY STATION, I AGREE: 


——to obey the radio communication 
laws and regulations of the country 
under which this station is licensed, par- 
ticularly with respect to quiet hours and 
observance of our frequency allocations, 


——to send monthly reports of station 
activities to the Section Communications 


Manager under whose jurisdiction this 
station comes, 


——to handle messages in accordance 
with good operating procedure, deliv- 
ering messages within forty-eight (48) 
hours when possible, mailing to destina- 
tion whenever impossible to relay to the 


next station in line within a 48-hour 
period. 

to participate in every A.R.R.L. 
communication activity to the best of 
my ability, always trying to live up to 
those ideals set forth in “The Amateur's 
Code.” 


IN MAKING APPLICATION FOR APPOINTMENT AS OFFICIAL PHONE STATION, | AGREE: 


to obey the radio communication 
laws of the country under which my 
station is licensed, particularly with 
respect to the regulations governing 
quiet hours and frequencies. 


to send monthly reports of station 
activities to the Section Communications 
Manager under whose jurisdiction this 
station comes; to use such operating pro- 


cedure as may be adopted by the 
O.P.S. group; to test outside busy oper- 
ating hours or using dummy antennas, 

to handle such messages as may 
come to me, as accurately, promptly 
and reliably as possible. 

to participate in all amateur com- 
munication activities to the best of my 
ability, always trying to live up to those 


ideals set forth in “The Amateur’s Code” 
and to carry on amateur operation in a 
constructive and unselfish spirit. 


to use circuits and adjustments that 
avoid frequency modulation and over 
modulation by proper transmitter ad- 
justment (accomplished by use of proper 
indicating devices) to avoid causing 
interference unnecessarily. 


1 understand that this appointment requires annual endorsement, 
and also may be suspended or cancelled at the discretion of the Section 
Communications Manager for violation of the agreement set forth above 


PLEASE SEND DETAILED FORMS TO SUBMIT IN CONNECTION WITH THIS APPLICATION 
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Catalog Section 


K OW 


In the following pages is a catalog- 
file of products of the principal manu- 
facturers who serve the short-wave 
field. Appearance in these pages is 
by invitation—space has been ald 
_only to those dependable firms wine 
established integrity and whose prod- 
ucts have met with the approval of 


the American Radio Relay League. - 
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NATIONAL CO., INC. 


MALDEN, MASS. 


ii se ik 


TYPE R 
List $ .85 
15%” Dia. 
Etched Nickel 
Silver 













HRP 
The Type HRP knob has 
no pointer, but is other- 
wise the same as the 
knob above. 


NATIONAL DIALS 


The four-inch N Dial has an engine 
divided scale and vernier. The 
vernier is flush with the scale. The 
planetary drive has a ratio of 5 to 
1, and is contained within the 
body of the dial. 2, 3, 4 or 5 scale. 
Fits 14’ shaft. Specify scale. 


N Dial List $7.50 


“Velvet Vernier” Dial, Type B, 
has a compact variable ratio 6 to 1 
minimum, 20 to 1 maximum drive 
that is smooth and trouble free. 
An illuminator is available. The 
case is black bakelite. 1 or 5 scale. 
4” diam. Fits 14’ shaft. Specify 
scale. 


B Dial List $3.00 
IIluminator, extra List $.55 


The new National Dial Type AL 
has a transparent index pointer 
travelling over an accurately grad- 
uated dial 5’’ in diameter. The 
drive is through a Type A mecha- 


nism with 5 to 1 ratio. Fits 14 
shaft. Scale 3 only. 


AL Dial List $5.00 


All prices subject to change without notice 





TYPE O : TYPE K 
List $1.65 List $1.65 

Kk} VA BTR 34” Dia. 

TYPE L TYPE M 

List $2.75 List $2.75 

5” Dia. 5” Dia. 
KNOBS 

HRK (Fits 14”" shaft) List $.95 
Black bakelite knob 234” diam. 

HRP-P (Fits 14’ shaft) List $.40 


Black bakelite knob 114” long and %” wide. 
Equipped with"pointer. 


SCKLES A nickel Plated brass 
List $.30 DIAL SCALE! bushing 34” dia. 


MA Caine «RSL (Fits 14” shaft) 
Divisions | Rotation | for increase of dial reading List $ 
Either Rotor Shaft Lock for 
Counter Clockwise TMA, TMC and similar 


lockwise condensers. 





R Dial scale 3 only; O, K, L, M scale 2. All fit 14’’ shafts. ACCESSORIES 























The original black bakelite ‘“Vel- 
vet Vernier’ Dial, Type A, is still 
an unchallenged favorite for gen- 
eral purpose use. The planetary 
drive has a ratio of 5 to1. In 4 inch 
diameter with 2, 4 or 5 scale, and 
in 33% inch diameter with 2 scale. 
Fits 14”’ shaft. Specify scale. 


A Dial List £3.30 


The BM Dial is a smaller version 
of the B Dial (described in the op- 
posite column) for use where 
space is limited. The drive ratio is 
fixed. Although small in size, the 
BM Dial has the same smooth ac- 
tion as the larger units. 1 or 5 
scale. 3’ diam. Fits 14” shaft. Spec- 
ify scale. 


BM Dial List $2.75 


The new National Dial Type AO 
is similar to the AL Dial in the 
opposite column, but is only 314” 
in diameter. It employs the same 
smooth Type A mechanism, and 
has a transparent index. Fits 14” 
shaft. Scale 3 only. 


AO Dial List $4.00 





NEW! FOR INDIVIDUAL CALIBRATING 


For experimenters who “build their own’ and desire 
direct calibration. Fine for Freq. Monitors and ECOs. 
@ Dial bezel size 5” x 74” : 
@ Five blank scales for direct calibration 
-@ Employs Velvet Vernier Drive @ Easy to mount 


TYPE ACN List $5.00 


ODL List $.55 
A locking device which clamps the rim of O, K, 
L and M Dials. Brass, nickel plated. 


ODD List $.70 
Vernier drive for O, K, L, Mor other plain dials. 


SB (Fits 14”’ shaft) List $.30 
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NATIONAL PRECISION CONDENSERS 





The Micrometer dial reads direct to one part in 500. Division lines 
are approximately 14”’ apart. The dial revolves ten times in covering 
the tuning range, and the numbers visible through the small windows 
change every revolution to give consecutive numbering by tens from 
O to 500. The condenser is of extremely rigid construction, with four 
bearings on the rotor shaft. The drive, at the mid-point of the rotor, is 
through an enclosed preloaded worm gear with 20 to 1 ratio. Each 
rotor is individually insulated from the frame, and each has its own 
individual rotor contact. Stator insulation is Steatite. Plate shape is 
straight-line-frequency when the frequency range is 2:1. 


PW Condensers are available in 2, 3 or 4 sections, in either 160 
or 225 mmf per section. Larger capacities cannot be supplied. 


A single-section PW condenser with grounded rotor is supplied 
in capacities of 150, 200, 350 and 500 mnf, single spaced, and 
capacities up to 125 mmf, double spaced. 


PW condensers are all with rotor shaft parallel to the panel. 


PW-1R_ Single section right List $16.50 
PW-1L Single section left List $16.50 
PW-2R_ Double section right List $22.00 
PW-2L Double section left List $22.00 
PW-2S_ Single section each side List $22.00 
PW-3R Double section right; single left List $26.50 
PW-3L Double section left; single right List $26.50 
PW-4 Double section each side List $30.00 





NPW MODELS 


With micrometer dial 
NPW-3. Three sections, each 295 
mmf. List $26.50 
NPW-X. Three sections, each 25 
mmf. List $22.50 
Both condensers are similar to PW 
models, except that rotor shaft is 
perpendicular to panel. 









GEAR DRIVE UNITS 


With micrometer dial 


NPW-O List $12.00 
Uses parts similar to the NPW con- 
denser. Drive shaft perpendicular 
to panel. One TX-9 coupling sup- 
plied. 

PW-O List $15.00 
Uses parts similar to the PW con- 
denser. Drive shaft parallel to panel. 
Two TX-9 couplings supplied. 





NATIONAL GENERAL PURPOSE CONDENSERS 


National EMC Condensers are made in large sizes for general purpose uses. They are similar 
in construction to the TMC Transmitting condenser, and have high efficiency and rugged 
frames. Insulation is lsolantite, and Peak Voltage Rating is 1000 Volts. Plate shape is 


Straight-Line Wavelength. 





















5 Minimum No. of Catalog A 

Capacity Capacity Plates Length Symbol List 

150 Mnf. 9 9 4” EMC-150 $3.75 

250 11 14 91546'" | EMC-250 4.25 

350 12 20 Q15%6"" EMC-350 4,715 

500 16 o7 43," EMC-500 5.25 
1000 29 55 634". | EMC-1000 8.00 

SPLIT-STATOR MODEL 
350-350| 12-12 | 20-20 | 6”  |EMCD-350| $8.25 





All prices subject to change without notice 









NATIONAL RECEIVING CONDENSERS 


‘ Minimum | No. of Catalog ' 
Capacity Capacity: | Plates Air Gap | Length Symbol [ List 





SINGLE BEARING MODELS 





























Mnf. 3. | .018” STHS- 15 | $1.50 
95 4 | 1018” @” | STHS- 25 | 1.65 
ee 5 7 | 2018” STHS- 50 | 1.75 
E 
(Type STD E ST DOUBLE BEARING MODELS 
STRAIGHT-LINE 6 Mnf. 096” / ST- 35 | $1.65 
WAVELENGTH 7 .096”" V4 ST- 50 fl 
'096” h St. 75 
180° Rotation 096” 
'096” 
: "096" 
i '018” 
018” 
NOTE — Type SS Condensers, 018" 


having straight-line-capacity plates 018" 


but otherwise similar to the Type 
ST, are available. Capacities and 
Prices same as Type ST. 100-100 














14-14 | .018” 234"" | STHD-100 














| 41-11 | 096" | 934" STD- 50 


The ST Type condenser has Straight-Line Wavelength plates. All double-bearing models 
have the front bearing insulated to prevent noise. On special order a shaft extension at 
each end is available, for ganging. On double-bearing single shaft models, the rotor con- 
tact is through a constant impedance pigtail. lsolantite insulation. 


Minimum | No. of : Catalog 
Capacity | Plates Air Gap | Length Symbol 


15 Mnf. ; 055” A SEU- 
20 ‘ 4055” 2 SEU- 
1055” SEU- 


: Up .026” ZI SE- 
TYPE SE / 20 B26 h SE 00 
(Type SEU Illustrated) ; i ” ys i 
STRAIGHT-LINE Ef / ey = 
tds < 018” /, SEH-200 
FREQUENCY while 018” /, SEH-250 


270° Rotation 018” i SEH-300 
:018” SEH-335 


Capacity 














TYPE SE— All models have two rotor bearings, the front bearing being insulated to 
prevent noise. A shaft extension at each end, for ganging, is available on special order. 
On models with single shaft extension, the rotor contact is through a constant impedance 
pigtail. The SEU models (illustrated) are suitable for high voltages as their plates are thick 
polished aluminum with rounded edges. Other SE condensers do not have polished edges 
on the plates. lsolantite insulation. 


Minimum 3 No. of Catalog 
Capacity Length | Air Gap Plates Symbol 


1546" 045” EX- 
1%6" .045” EX- 


Capacity 





EXPERIMENTER 
STRAIGHT-LINE 
CAPACITY 


180° Rotation 


146" .045” EX- 
TH6"" Oe” EX- 
1/6" O17” EX-100 
1%6” 017” EX-140 





The National ‘‘Experimenter’’ Type Condensers are low-priced models for general ex- 
perimental work. They are of all-brass construction. The rotor has only one bearing. Plates 
can be removed without difficulty. Bakelite insulation. 

4 All prices subject to change without notice 
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NATIONAL MINIATURE CONDENSERS 


USR — See table— 
Type USR condensers 
are small, compact, low- 
loss units. Their sol- 
dered construction 
makes them particularly 
suitable for applications 
where vibration is pres- 
ent. Adjustment is made 
with a screw driver. 
Steatite base. 


USE — See table— 
Type USE condensers 
are similar to Type USR, 
but are provided with a 
Y4"’ diameter shaft ex- 
tension at each end. 


USL — See table— 
Type USL condensers 
are similar to Type USR, 
but are provided with a 
rotor shaft lock, so that 
the rotor can be clamped 
at any setting. 


MSR, MSE, MSL — 
See table — Condens- 
ers of the MS series are 
similar in appearance to 
the US series described 
above, but they differ 
in making use of plates 





Catalog Symbol 





USR-25 
USR-50 
USR-75 
USR-100 
USR-140 


USE-25 
USE-50 
USE-75 


USE-100 
USE-140 


Catalog Symbol 


USL-25 
USL-50 
USL-75 
USL-100 
USL-140 








MSR-25 
MSR-50 
MSR-75 
MSR-100 


MSE-25 
MSE-50 
MSE-75 





MSE-100 


MSL-25 
MSL-50 
MSL-75 
MSL-100 





M-30 List $.35 


Type M-30 is a small 
adjustable mica con- 
denser with a maximum 
capacity of 30 mnf. 
Dimensions 13%" x %"" x 
Y’’. Isolantite base. 

W-75, 75 mnf. List $2.50 
W-100, 100 mmf. List $2.75 
Small padding condens- 
ers having very low tem- 
perature coefficient. 
Mounted in an aluminum 
shield 114” in diameter. 
The UM CONDENSER 
is designed for ultra 
high frequency use and 
is small enough for con- 
venient mounting in 
PB-10 and RO shield 
cans. They are particu- 
larly useful for tuning 
receivers, transmitters, 
and exciters. Shaft ex- 
tensions at each end of 
the rotor permit easy 
ganging when used with 
one of our flexible 
couplings. The UMB-25 
Condenser is a balanced 
stator model, two stators 
act on a single rotor. 

















which are the same Mintwom | Me. ot Catalog The UM can be mounted 
as those of the UM Capacity | Plates | AirGap| Symbol by the angle foot sup- 
condenser. This and = plied or by bolts and 
other small changes re- wie | Grease spacers, See table for 
sults in a more robust 017” UM-50 sizes. 

and rigid assembly. .017” UM-75 Dimensions: Base 1”’ x 
Other details of the Sune uNMcar” 214’’, Mounting holes 
MSR, MSE, and MSL ‘ 5 x 1336'", Axial 
are the same as the USR, BALANCED STATOR MODEL length 21%” overall. 
USE, and USL respec- 9 | 4-4-4 017” | UMB-295 | $2.00 Plates: Straight line ca- 
tively. . : pacity, 180° rotation. 





NATIONAL NEUTRALIZING CONDENSERS 





NC-600U List $.60 
With standoff insulator 
NC-600 List $.50 


Without insulator 


For neutralizing low power 
beam tubes requiring from .5 
to 4 mmf, and 1500 max. total 
volts such as the 6L6. The 
NC-600U is supplied with 
a GS-10 standoff insulator 
screwed on one end, which 
may be removed for pigtail 
mounting. 


STN List $2.00 
The Type STN has a maximum 
capacity of 18 mmf (3000 V), 
making it suitable for such 
tubes as the 10 and 45. It is 
supplied with two standoff 
insulators. 


TCN List $4.00 
The Type TCN is similar to the 
TMC. It has a maximum capacity 
of 25 mmf (6000 V), making it 
suitable for the 903A, 211 
and similar tubes. 


NC-800 List $3.00 
The NC-800 disk-type neu- 
tralizing condenser is suitable 
for the RCA-800, 35T, HK-54 
and similar tubes. It is equipped 
with a micrometer thimble and 
clamp. The chart below gives 
capacity and air gap for differ- 
ent settings. 


NC-75 List $4.50 
For 751, 808, 811, 812 & 
similar tubes. 


NcC-150 List $7.25 
For HK354, RK36, 300T, 859, 
etc. 


NC-500 List $13.75 
For WE-951, 450TH, 450TL, 
750TL, etc. 


These larger disk type neutral- 
izing condensers are for the 
higher powered tubes. Disks 
are aluminum, insulation stea- 
tite. 


All prices subject to change without notice 


we 
= 
= 
z 
> 
= 
< 
a 
4 
oS 








fe, 
St 
Oo 
f 
fe) 
=) 
S 
ied 
fa 
fa 





Minimum 


Capacity Capacity 





is 


Length 


NATIONAL TRANSMITTING CONDENSERS 


TYPE TMS 


a condenser designed for transmitter use in 


low power stages. It is compact, rigid, and de- 
pendable. Provision has been made for mount- 
ing either on the panel, on the chassis, or on 
two stand-off insulators. Insulation is Isolantite. 
Voltage ratings listed are conservative. 


; Peak Catalog 
Air Gap Voltage Symbol 





SINGLE STATOR MODELS 








100 Mnf. 
150 
250 
300 
35 
50 


avr 
3" 
3” 
gM 
3” 
3” 





DOUBLE STATOR MODELS 


.026” 1000v. TMS-100 
.026” 1000v. TMS-150 
.026” 1000v. TMS-250 
.026”" 1000v. TMS-300 
2065” 2000v. TMSA-35 
.065” 2000v. TMSA-50 





50-50 Mnf. | 
100-100 
50-50 


00 Wee 


Minimum 
Capacity Capacity 





3” 
git 
gilt 








Length 


.026”" 1000v. TMS-50D 
.026”" 1000v. TMS-100D 
.065”” 2000v. TMSA-50D 

















TYPE TMH 


features very compact construction, excellent 
power factor, and aluminum plates .040” thick 
with polished edges. It mounts on the panel 
or on removable stand-off insulators. Isolantite 
insulators have long leakage path. Stand-offs 

included in listed price. : 


: Peak No. of Catalog 
| Air Gap Voltage Plates Symbol 





SINGLE STATOR MODELS 








334" 
334" 
5 ur 


8 
6" 
5” 


.085” 3500v. TMH-50 
.085” 3500v. TMH-75 
.085”” 3500v. TMH-100 
.085”" 3500v. TMH-150 
180" 6500v. TMH-35A 











DOUBLE STATOR MODELS 








SUG HON gk GUM EWN Ug GOWN 





VA 





334" 
5" 
61" 





.085” 3500v. 9-9 TMH-35D 
.085" 3500v. 13-13 TMH-50D 
.085”” 3500v. 19-19 TMH-75D 








All prices subject to change without notice 





NATIONAL TRANSMITTING CONDENSERS 


TYPE TMK 


is a new condenser for exciters and low power 
transmitters. Special provision has been made for 
mounting AR-16 coils in a swivel plug-in mount 
on either the top or rear of the condenser, (see 
page 10). For panel or stand-off mounting. lsolan- 
tite insulation. 





Capacity Minimum Length | Air Gap Peak No. of 


Capacity Voltage Plates 
SINGLE STATOR MODELS 


35 Mnf. L5 2330" .047” 1500v. 
50 8 23/9!" .047” 1500v. 

75 9 916") 047” 1500v. 
100 10 3 .047” 1500v. 
150 10.5 35/9” 047” 1500v. 
200 11 4A" 047” 1500v. 4 
250 AAS 41," .047” 1500v. TMK-250 


DOUBLE STATOR MODELS 


35-35 Mant. 75-E5 3 .047” 1500v. TMK-35D 
50-50 8-8 394" .047"" 1500v. TMK-50D 
100-100 10-10 4A” £047" 1500v. TMK-100D 


Swivel Mounting Hardware for AR 16 Coils 








cooouuwgd 
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TYPE TMC 


is designed for use in the power stages of transmitters where 
peak voltages do not exceed 3000. The frame is extremely 
rigid and arranged for mounting on panel, chassis or stand- 
off insulators. The plates are aluminum with buffed edges. 
Insulation is Isolantite. The stator in the split stator models is 
supported at both ends. 





Minimum Peak No. of Catalog 


Capacity Capacity Length | Air Gap | Voltage | Plates Symbol Price 


SINGLE STATOR MODELS 


50 Mant. 3" 077" 3000v. TMC-50 
100 3%" OTF” 3000v. TMC-100 
150 45/_/” OTT” 3000v. TMC-150 

is 1077" 3000v. TMC-250 














950 
300 634" O77” 3000v. TMC-300 








DOUBLE STATOR MODELS 


50-50 Mnf. 43” i077" 3000v. 7 TMC-50D 
100-100 11-11 634" fT” 3000v. TMC-100D 
200-200 18.5-18.5 914" 077" 3000v. TMC-200D 


























All prices subject to change without notice 
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NATIONAL TRANSMITTING CONDENSERS 


TYPE TMA 


is a larger model of the popular TMC. The frame is ex- 
tremely rigid and arranged for mounting on panel, chassis 
or stand-off insulators. The plates are of heavy aluminum 
with rounded and buffed edges. Insulation is Isolantite, 
located outside of the concentrated field. 





Capacity Coe | Length | Air Gap | als | pees celsiog 


SINGLE STATOR MODELS 


4%” LOTTE 3000v. TMA-300 
4%” BY te 6000v. TMA-50A 
171” 6000v. TMA-100A 
Pi fea Ls 6000v. TMA-150A 
Fs Walle 6000v. TMA-230A 
«2657" 9000v. TMA-100B 
265" 9000v. TMA-150B 
359" 12000v. 1 TMA-50C 
359” 12000v. TMA-100C 


DOUBLE STATOR MODELS 


200-200 Mnf. Vg 077” 3000v. TMA-200D 
50-50 : 5 ml 6000v. TMA-50DA 
100-100 6 seca 6000v. TMA-100DA 
60-60 : s Yo -265” 9000v. TMA-60DB 
40-40 33590" 12000v. TMA-40DC 


POMW OW O10 
Usous00U0 
2900656006 
































TYPE TML 


condenser is a 1 KW job throughout. Isolantite insulators, 
specially treated against moisture absorption, prevent flashovers. 
A large self-cleaning rotor contact provides high current ca- 
pacity. Thick capacitor plates, with accurately rounded and 
polished edges, provide high voltage ratings. Sturdy cast 
aluminum end frames and dural tie bars permit an unusually rigid 
structure. Precision end bearings insure smooth turning and 
permanent alignment of the rotor. End frames are arranged for 
panel, chassis or stand-off mountings. 




















r Minimum H Peak No. of Catalog List 
Capacity Capacity | Lensth | Air Gap Voltage Plates | Symbol | Price 
SINGLE STATOR MODELS 

75 Mnf. 95 1816” TAS” 20,000v. 17 TML-75E $28.75 
150 60 B86” | .469” 15,000v. Q7 TML-150D 29.00 
100 45 1354” 469” 15,000v. 19 TML-100D 26.00 

50 aed 8556" -469” 15,000v. 9 TML-50D 18.00 
945 54 186” .344” 10,000v. 35 TML-245B-+- 31.50 
150 45 13%” .344” 10,000v. 91 TML-150B-+- 28.75 
100 32 10156” .344” 10,000v. 15 TML-100B+ 27.50 

75 93.5 85%" .344” 10,000v. 141 TML-75B+ 20.00 
500 55 1816” .219” 7,500v. 49 TML-500A-+- 38.50 
350 45 13%” .219” 7,500v. 33 TML-350A+ 30.75 
950 35 1046"” .219” 7,500v. 95 TML-250A+ 28.75 











DOUBLE STATOR MODELS 












30-30 Mnf. 12-12 1836” 7192 20,000v. 7-7 TML-30DE $29.00 
60-60 26-26 1836” 469” 15,000v. 11-11 TML-60DD 31.50 
100-100 27-27 1836” 344” 10,000v. 15-15 TML-100DB-++ 35.00 
60-60 20-20 13%” 3344” 10,000v. 9-9 TML-60DB+ 30.00 


200-200 30-30 1846’ 219” 7,500v. 91-21 TML-200DA + 38.50 
100-100 VIA 219" 7,500v. 11-11 TML-100DA+ 31.50 





All prices subject to change without notice 











NATIONAL RF CHOKES 


R-100 List $.50 R-152 List $2.50 
Without standoff insulator For the 80 and 160: meter 
R-100U List $.60 bands. Inductance 4 m.h., DC 


With standoff insulator 


R.F. chokes R-100 and R-100U 
are identical electrically, but 
the latter is provided with a 
removable standoff insulator 
screwed on one end. Both 
have Isolantite insulation and 
both have a continuous uni- 
versal winding in four sec- 
tions. Inductance 2% m.h.; 
distributed capacity 1 mmf.; 
DC resistance 50 ohms; cur- 
rent rating 125 ma. 


resistance 10 ohms, DC cur- 
rent 600 ma. Coils honey- 
comb wound on Ilsolantite 
core. 


R-154 List $2.50 
R-154U List $2.00 


For the 20, 40 and 80 meter 
bands. Inductance 1 m.h., DC 
resistance 6 ohms, DC cur- 
rent 600 ma. Coils honey- 
comb wound on lsolantite 
core. The R-154U does not 
have the third mounting foot 
and the small insulator, but is 
otherwise the same as R-154. 
See illustration. 


ee Lit350 p75 List $3.00 
Without insulator 

; The R-175 Choke is suitable 
R-300U List $.60 = for parallel-feed as well as 


With insulator 


R.F. chokes R-300 and R-300U 
are similar in size to R-100U 
but have higher current ca- 
pacity. The R-300U is pro- 
vided with a removable stand- 
off insulator screwed on one 
end. Inductance 1 m.h.; dis- 
tributed capacity 1 mmf.; DC 
resistance 10 ohms; current 
rating 300 ma. 


TX-1, Leakage path 1” 
List $1.10 


series-feed in transmitters 
with plate supply up to 3000 
volts modulated or 4000 volts 
unmodulated. Unlike conven- 
tional chokes, the reactance 
of the R-175 is high through- 
out the 10 and 90 meter 
bands as well as the 40, 80 
and 160 meter bands. In- 
ductance 295 uh, distributed 
capacity 0.6 mmf., DC resist- 
ance 6 ohms, DC current 800 
ma., voltage breakdown to 
base 12,500 volts. 


NATIONAL SHAFT COUPLINGS 


TX-10 List $.60 


A very compact insulated cou- 


TX-2, Leakage path 21” pling free from backlash. Insula- 
List $1.25 tion is canvas Bakelite. 11~6’’ 


Flexible couplings with glazed 
lsolantite insulation which fit 14”” 
shafts. 


TX-8 List $.85 
A non-flexible rigid coupling 
with Isolantite insulation. 1’ 


diam. Fits 14’’ shaft. 


TX-9 List $1.25 
This small insulated flexible 
coupling provides high electrical 
efficiency when used to isolate 
circuits. Insulation is Steatite. 


15/9” diam. Fits 14” shaft. 


diam. Fits 14” shaft. 


TX-11 List $.70 
The flexible shaft of this coupling 
connects shafts at angles up to 90 
degrees, and eliminates mis- 
alignment problems. Fits 1/4’ 
shafts. Length 414”. 


TX-12, Length 454” List $1.40 
TX-13, Length 7/Q” List $1.65 
These couplings use flexible 
shafting like the TX-11 above, 
but are also provided with 
Isolantite insulators at each end. 


All prices subject to change without notice 


R-154U 





NATIONAL POWER SUPPLIES 


National Power Supplies are 
specially designed for high fre- 
quency receivers, and include 
efficient filters for RF disturb- 
ances as well as for hum fre- 
quencies. The various types for 
operation from an AC line are 
listed under the receivers with 
which they are used. 





High voltage power supplies 
can be supplied for National 
Receivers for operation from 
batteries. These units are of the 
vibrator type. 


686, Table model, (165 V., 50 
MA.) for operation from 6.3 
volts DC, with vibrator. 

List $49.50 
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XR-14A XR-10A PB-15 


TRANSMITTER COIL FORMS 


The Transmitter Coil Forms and Mounting are designed as a group, 
and mount conveniently on the bars of a TMA condenser. The 
larger coil form, Type XR-14A, has a winding diameter of 5”, 
a winding length of 334” (30 turns total) and is intended for the 
80 meter band. The smaller form, Type XR-10A, has a winding 
length of 334” and a winding diameter of 21” (26 turns total). 
It is intended for the 20 and 40 meter bands. 

Either coil form fits the PB-15 plug. For higher frequencies, the 
plug may be used with a self-supporting coil of copper tubing. 
The XB-15 Socket may be mounted on breadboards or chassis, 
as well as on the TMA Condenser. 








SINGLE UNITS 

XR-10A, Coil Form only List $1.65 
XR-14A, Coil Form only List $4.00 
PB-15, Plug only List $1.50 
XB-15, Socket only List $2.00 
ASSEMBLIES 

UR-10A, Assembly (including small Coil 
Form, Plug and Socket) List $5.00 
UR-14A, Assembly (including large Coil 
Form, Plug and Socket) List $7.00 


PB—16 
PLUG 


I xp—16 
SOCKET 


EXCITER COILS AND FORMS— TYPE AR-16 (Air Spaced) 


These air-spaced coils are suitable for use in stages where the 
plate input does not exceed 50 watts and are available in the 
sizes tabulated below. Capacities listed will resonate the coils 
at the low frequency end of the band and include all stray circuit 
capacities. All have separate link coupling coils and all fit the 
PB-16 Plug and XB-16 Socket. 

The XR-16 Coil Form also fits the PB-16 Plug and XB-16 Socket. 
It has a winding diameter of 114” and a winding length of 134”. 


Order by Catalog Symbol Shown in This Table 


' Cap Center Cap Swinging Cap 
Band End Link | \Amf Link | Mmf Link | Mmf 


5 meter || AR16-5E 20 AR16-5C 20 _ = 
10 meter || AR16-10E 20 || AR16-10C | 20 AR16-10S | 25 
20 meter || AR16-20E 26 || AR16-20C | 26 AR16-20S | 40 
40 meter || AR16-40E 33 || AR16-40C | 33 AR16-40S | 55 
80 meter || AR16-80E 37 || AR16-80C | 37 AR16-80S | 60 

160 meter || AR16-160E | 65 || AR16-160C | 65 _—_ = 


10 


















































All prices subject to change without notice 





XR-16, Coil Form only List $.70 
PB-16, Plug-in Base only List $.45 
XB-16, Plug-in Socket only List $.55 


AR-16 Coils — Any type (see table). In- 
cluding PB-16 Plug as illustrated. 
Each, List $1.65 







Exciter 
coil 
on 


TMK 


condenser 








BUFFER COIL FORMS 


National Buffer Coil Forms are designed to mount directly on the tie bars 
of a TMC condenser using the PB-5 Plug and XB-5 Socket. Plug and Socket 


are of molded R-39. 


SINGLE UNITS 
XR-13, Coil Form only List $1.25 
XR-13A, Coil Form only List $ .70 


KB ae, | tis § rt 
‘ ‘ ; = t only ist $ .85 
The two coil forms are of Isol e, left lazed to provi re 

antite, unglaz provide a tooth for ceemrapie 


coil dope. The larger form, Type XR-13, is 134” in diameter and has a 
winding length of 234’’. The smaller form, Type XR-13A, is 1” in diameter 
and provides a winding length of 234’’. Both forms have holes for mount- 


ing and for leads. 


- 


FIXED-TUNED 
EXCITER TANK 


PLUG-IN BASE 
AND SHIELD 


FIXED TUNED 
EXCITER TANK 


Similar in general construction 
to National I.F. transformers, this 
unit has two 25 mmf., 2000 volt 
air condensers and an unwound 


XR-2 coil form. 


FXT, without plug-in base List $5.00 
FXTB-5, with 5 prong base List $5.50 
FXTB-6, with 6 prong base List $5.50 


PLUG-IN BASE 
AND SHIELD 


The low-loss R-39 base is ideal for 
mounting condensers and coils 
when it is desirable to have them 
shielded and easily removable. 
Shield can is 2”” x 934" x 414”. 


PB-10-5,(5 Prong Base &Shield) List $.85 
PB-10-6, (6 Prong Base & Shield) List $.85 
PB-10A-5, (5 Prong Base only) List $.45 
PB-10A-6, (6 Prong Base only) List $.45 





UR-13A, Assembly (including small 
Coil Form, Plug and Socket) 

List $2.25 

UR-13, Assembly (including large 
Coil Form, Plug and Socket) 

List $2.75 


5-B-100 
TANK 


5-B-100 TANK 


The National 5-B-100 isa complete tank circuit, (including coils, con- 
denser and R.F. choke), which tunes through five amateur bands with 
a single dial. The tank replaces the tuning condenser, set of five 
plug-in coils, plug-in coil socket and R.F. choke, without sacrificing 
efficiency or space, yet it costs no more. 

The 5-B-100 is actually more compact than a tuning condenser and 
mounted plug-in coil for the same power capabilities. In addition to 
the compactness and wide tuning range advantages of the 5-B-100, 
the tank provides for the first time a real constant L/C ratio through- 
out the tuning range. Harmonics from the low-frequency bands are 
suppressed without sacrifice of efficiency on the high-frequency 
bands. Constant link loading or capacity coupling may be used. 

The 5-B-100 is an ideal plate tank for R.F. amplifiers using such 
tubes as 351, 809, 811, 819, RK-11, RK-19, HK-24, HY-30Z, 
HY-51Z, etc. with input up to 150 watts (1250 volts unmodulated or 
750 volts modulated maximum). Also ideal for grid tank of amplifiers 
up to 2 KW plate input. 

Four mounting insulators are supplied on the base. Overall dimen- 
sions are 4 inches wide, 6 inches high and 8 inches deep. Shipping 


weight, 5 Ibs. 


All prices subject to change without notice 


5-B-100 Tank, List $40.00 
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OLYSTYRENE COIL FORMS 


PRC 
PRD 


Z 
NATIONAL PARTS 


COIL FORMS 


XR-1, Four prong, List $.55 
XR-2, without prongs 

List $.40 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
1’, length 114”. 


XR-3 List $.35 
Molded of R-39. Diameter 
946", length 34”. Without 
prongs. 


XR-4, Four prong, List $.85 
XR-5, Five prong, List $.85 
XR-6, Six prong, List $.85 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
114", length 2914"". A special 
socket is required for the six- 
prong form. 

XC6C, Special six-prong 
socket for XR-6 Coil Form, 


List $.85 
IMPEDANCE COUPLER 
S-101 List $6.60 


A plate choke, coupling con- 
denser and grid leak sealed 
in one case, for coupling the 
output of a _ regenerative 
detector to an audio stage. 


Used in SW-3U. 


OSCILLATOR COIL 
OSR List $1.65 
A. shielded oscillator coil 
which tunes to 100 KC with 
.00041 Mfd. Two separate 
inductances, closely coupled. 
Excellent for interruption- 
frequency oscillator in super- 
regenerative receivers. 


H. F. COIL FORMS 





symbol | Outside | Length | List 


Diameter 





COIL SHIELDS 

RO, coil shield List $.40 
Q" x 93" x 414" high 

J30, coil shield List $.40 
QV" dia. x 334” high 


B30, coil shield _ List $.40 
3” dia. x 334” high without 
mounting base. 


B30-B, coil shield List $.55 
Same as above, but with 
mounting base. 


TUBE SHIELDS 
TS, tube shield List $.45 
With cap and base. 


T58, tube shield List $.45 
With cap and base, for 77, 
78, etc. tubes. 


T78, tube shield List $.45 
With cap and base, for 77, 
78, etc. tubes. 


T14, tube shield List $.45 
21g" high, for 814, RK-90, 
etc. 


TO7, tube shield —_ List $.45 
3” high, for 807, RK-23, etc. 


JACK SHIELD 
JS-1, Jack shield List $.40 
For shielding small standard 
jacks mounted behind a 
panel, or on the ends of 
extension cords. 












NATIONAL CABINETS 













PRE 


PRC-1 Hr ¥7e"" $.20 


PRC-2 3" Yel" -20 
PRC-3 34g!" 3," .20 
PRD-1 Yo" Yor" +20 
PRD-2 Yo!" 1 -20 
PRE-1 Hel" 3" 25 














| With TT Height | Depth | List Price] 


Type C-SW3 


| Type C-NC100 


= 
iewyees 


Type C-HRO 


934," 
174" 


1634" 


Type C-One-Ten| 11” 


Type.C-SRR | 


1%" 


7” | 9” | $6.00 
834" 11144" | 9.50 
834” |10 | 9.50 
Tb TAY 3.00 


yi 7%") 4,00 





The National Cabinets listed below are the 
same as those used in National Receivers, except 
that they are supplied in blank form. They are 
made of heavy gauge steel, and the paint is un- 
usually well bonded to the metal. Sub-bases and 
bottom covers are included in the price. 














CHART FRAMES 


COIL DOPE 


NDC8 
NDC-10 


PUSH SWITCH 

ACS-4, Four gang, with trig- 
ger bar List $5.50 
ACS-1, Single section, less 
trigger bar List $1.40 


The National Interlocking Push 
Switch has low losses, com- 
plete reliability and positive 
contacts. Insulation is R-39. The 
silverplated contacts are dou- 
ble pole, double throw. 


CHART FRAME 


The National Chart Frame is 
blanked from one piece of 
metal, and includes a celluloid 
sheet to cover the chart. Size 
914" x 314", with sides 14” 
wide. 


Type CFA List $.55 
COIL DOPE 
CD-1, 14 pint can List $1.65 


Liquid Polystyrene Cement — 
is ideal for windings as it will 
not spoil the properties of the 
best coil form. 


SPEAKER CABINETS 
NDC-8 for 8” speaker 


List $5.50 
NDC-10 for 10” speaker 

List $6.60 
NDC-2 for 10” speaker 

List $8.50 


These metal speaker cabinets 
are acoustically correct. They 
are lined with acoustic felt, 
and are of welded construction 
to eliminate rattles. Finish is 
black wrinkle on NDC-8 and 
NDC-10. NDC-2 is finished in 
two-tone gray to match the 
NC-9200 TG receiver. 





CRM, less tubes 


AV” x 649" x 8”. 
CRR, less tubes 


mounting. 





National Oscilloscopes have power supply and 
input controls built in. A panel switch permits 
use of the built-in 60-cycle sweep or external 
audio sweep for securing the familiar trapezoid 
pattern for modulation measurements. 


1” screen, using RCA-913 and 6X5 rectifier. Table model, 


2” screen, using RCA-902 and 6X5 rectifier. Relay rack 












List $21.00 









List $35.00 





quired 


NATIONAL PARTS 


I. F. TRANSFORMERS 


IFC, Transformer, aircore List $5.50 


IFCO, Oscillator, air core 
List $5.50 


Air dielectric condensers iso- 
lated from each other by an 
aluminum shield. Litz wound 
coils on a moisture proofed 
ceramic base. Shield can 41” 
x 932" x 2". Available for 
either 175 KC or 450-550 
KC. Specify frequency. 


IFD, Diode Transformer, air core 
List $3.85 


Tuned primary and untuned, 
closely-coupled secondary for 
full-wave diode rectifiers. For 
noise silencing circuits, etc. 
450-550 KC, air core only. 

IFE, Transformer. Same as IFC but iron 


core, 450-550 KC only. 
List $5.50 


NATIONAL HIGH 
FIDELITY TRF UNITS 


Each chassis provides a three- 
stage RF Amplifier tuned to one 
station only. 


Each RF Transformer is tuned 
both primary and secondary 
(8 tuned circuits). The coupling 
is adjustable to include 10 KC 
with less than 1 db variation in 
the audio range. Sensitivity is 
adjustable from 5 microvolts to 
one volt. Three models cover 
ranges of 540-875, 740-1930, 
and 1100-1700 KC. The 
chassis fits a standard 314” 
relay rack panel. 


DLUS, Tuner, wired and tested unit on 
Ye" steel, wrinkle finish, less tubes, 
List $82.50 


DLUA, Tuner, same as DLUS but has 
3/16” aluminum panel, crackle finish, 
less tubes List $86.50 
DLCA, Chassis as illustrated with 
sockets and terminals riveted in place 

List $5.00 
DLPS, Steel 14” panel List $1.65 


DLPA, Aluminum 3/16” panel 
List $5.50 


DLT, RF Transformer, set of four re- 
List, each $7.25 


(Specify operating frequency) 
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NATIONAL OSCILLOSCOPES 



















































XCA List $1.65 


A. low-loss socket for acorn 
triodes. 


XMA List $2.20 
For pentode acorn tubes, this 
socket has built-in by-pass con- 
densers. The base is a copper 
plate. 


XM-10 List $1.50 


A heavy duty metal shell socket 
for tubes having the UX base. 


XM-50 List $2.00 
A heavy duty metal shell 
socket for tubes having the 
Jumbo 4-pin base (‘fifty watt- 
ers’) 


JX-50 List $1.35 


Without Standoff Insulators 
JX-50S List $1.65 


With Standoff Insulators 


A low-loss wafer socket for 
the 813 and other tubes having 
the Giant 7-pin base. 


JX-100 List $3.30 


Without Standoff Insulators 
JX-100S List $4.00 


With Standoff Insulators 


A. low-loss wafer socket for 
the 803, RK-28 and other 
tubes using the Giant 5-pin 
ase. 


SAFETY GRID & PLATE 
CAPS 


SPG List $.40 
%6@/’ Cap, R-39 L. L. insulation. 
These offer protection against 
accidental contact with High 
Voltage lobe caps. 

SPP-9 List $.40 
9/16” Cap L. L. ceramic in- 
sulation. 

SPP-3 List $.35 
36"’ Cap L. L. ceramic insulation 


GRID & PLATE GRIPS 


12, for9/16” Caps List $.10 
24, for 38” Caps List $.05 
8, for 14’ Cap List $.05 


12 & 24 suitable for glass tubes 
8 is for metal tubes 


GS-1, 4!’ x 134” List $.40 
GS-2, Yo" x 274!” List $.50 
GS-3, 34x 274" List $1.00 
GS-4, 34x 47/4” List $1.95 
GS-4A, 34x 6" List $1.75 


Cylindrical low-loss steatite 
standoff insulators with nickel 
plated caps and bases. 


GSJ, (not illustrated) List $.10 
A special nickel plated jack 
top threaded to fit the 34” 
diameter insulators GS-3, GS-4 
& GS-4A. 


GS-5,114" List, each $.40 


GS-6, 2” List, each $.70 


GS-7, 3” List, each $1.25 


GS-10, 34”, package of 10 
List $1.20 


These cone type _ standoff 
insulators are of low-loss 
steatite. They have a tapped 
hole at each end for mounting. 


GS-8, withterminal List $.90 
GS-9, with Jack —_ List $1.25 


These low-loss steatite stand- 
off insulators are also useful as 
lead-through bushings. 


XC Series Sockets 


XC-4 
XC-5 
XC-6 
XC-7S 
XC-7L 
XC-8 


NATIONAL LOW-LOSS SOCKETS AND INSULATORS 








List $.60 
List $.65 
List $.70 
List $.75 
List $.75 
List $.65 


National wafer sockets have exceptionally 
good contacts with high current capacity to- 
gether with low loss Isolantite insulation. All 
types have a locating groove to make tube 


insertion easy. 


All prices subject to change without notice 


NATIONAL LOW-LOSS SOCKETS AND INSULATORS q 


FWG List 3.70 


A Victron terminal strip for 
high frequency use. The bind- 
ing posts take banana plugs at 
the top, and grip wires through 
hole at the bottom, simultane- 
ously, if desired. 


FWH List $.95 


The insulators of this terminal 
assembly are molded R-39 and 
have serrated bosses that allow 
the thinnest panel to be 
gripped firmly, and yet have 
ample shoulders. Binding posts 
same as FWG above. 


FWJ List $.75 


This assembly uses the same 
insulators as the FWH above, 
but has jacks. When used with 
the FWF plug (below), there 
is no exposed metal when the 
plug is in place. 


FWF List $1.10 


This molded R-39 plug has two 
banana plugs on 34” centers 
and fits FWH or FWJ above. 
Leads may be brought out 
through the top or side. 


FWA, Post _ List, each $.30 
Brass Nickel Plated 


FWE, Jack List, each $.20 
Brass Nickel Plated 


FWC, Insulator 
List, per pair $.40 
R-39 Insulation 


FWB, Insulator List, each $.10 


Polystyrene insulation 





CIR Series Sockets 
Any Type List $.45 


Type CIR Sockets feature low-loss 
isolantite or steatite insulation, a con- 


tact that grips the tube prong for its 
entire length, and a metal ring for six 
position mounting. The sockets are 
supplied with two metal standoffs. 





AA-3 List $.60 


A low-loss steatite spreader 
for 6 inch line spacing. (600 
ohms impedance with No. 12 
wire.) 


AA-5 List $.50 


A low-loss steatite aircraft- 
type strain insulator. 


AA-6 List $.90 


A general purpose strain in- 
sulator of low-loss steatite. 


XS-6 List, each $.20 


A low-loss isolantite bushing 
for Y%"" holes. 


XP-6 


Same as above but Victron. 
List, box of ten $.85 


TPB List, per dozen $.85 


A threaded polystyrene bush- 
ing with removable .093 con- 
ductor moulded in, 3’ diam., 
32 thread. 


XS-7, 3” Hole) List $.55 


XS-8, (6"" Hole) — List $.75 


Steatite bushings. Prices in- 
clude male and female bush- 
ings with metal fittings. 


XS-1,(1"" Hole) List $1.20 
XS-2, 11%” Hole) List $1.35 


Prices listed are per pair, in- 
cluding metal fittings. Insula- 
tion steatite. 


XS-3, (234”’ Hole) List $6.00 
XS-4, (334” Hole) List $7.25 


Prices are per pair, including 
metal fittings. These low-loss 
steatite bowls are ideal for 
lead-in purposes at high volt- 
ages. 


XS-5, Without Fittings 
List, each $8.25 


XS-5F, With Fittings 
List, per pair $17.00 


These big low-loss bowls have 
an extremely long leakage 
path and a 514” flange for 
bolting in place. Insulation 
steatite. 






















































NATIONAL 
NC-200 


The National NC-200 is a new 
communications receiver hav- 
ing a number of features not 
previously available. Twelve 
tubes are used in a highly per- 
fected circuit that includes an 
extremely effective noise lim- 
iter. The crystal filter has an 
exceptionally wide selectivity 
range for use on both CW and 
phone, as well as a phasing 
circuit that makes rejection 
ratios as high as 10,000 to 1 
available even when the inter- 
fering signal is only a few 
hundred cycles from the desired signal. The AVC 
holds the audio constant within 2 db for signals from 
10 microvolts to 100,000 microvolts. The sensitivity 
of the NC-900 is particularly high, requiring only 
1 microvolt input for 1 watt of audio output on the 
highest frequencies covered by the receiver. Sig- 
nal-to-image ratio is better than 30 db at ten meters. 


There are ten calibrated coil ranges, each with its 
own scale on the direct-reading dial. Six of these 
ranges provide continuous coverage from 490 KC 
to 30 MC. The remaining four ranges cover the 10, 
20, 40 and 80 meter bands, each of which is spread 
over the major portion of the dial scale. Ranges are 
selected by a panel control knob. A movable-coil 
system similar to the NC-100 is used. The inertia- 
type dial drive has a ratio of about 20 to 1. 


All models of the NC-200 are suitable for either 
AC or battery operation, having both a built-in 
AC power supply and a special detachable cable 
and plug for battery connection. Removal of the 
speaker plug disconnects both plate and screen 


NATIONAL NEW 
NC-45 


The NC-45 receiver is an eight tube super- 
heterodyne combining capable performance 
with low price. Features include a series 
valve noise limiter with automatic threshold 
control, tone control, CW oscillator, separate 
RF and AF gain controls, and AVC. Power 
supplies are self contained except for the 
battery model which must have an external 
source of heater and plate power, such as 
batteries or vibrapack. 





circuits of the audio power stage thus providing 
maximum battery economy. The B supply filter and 
the standby switch are wired to the battery ter- 
minals, so that the filter is available for vibrator or 
dynamotor B supplies. 


The ten-inch speaker is housed in a separate 
cabinet specially designed to harmonize with the 
trim lines of the receiver. The undistorted output 
is 8 watts. 


All features expected in a fine communication re- 
ceiver are provided. These include CW oscillator, 
Signal Strength Meter, B-supply switch, etc. A 
phonograph input jack is provided. 


NC-200 TG, Table Model, two tone gray wrinkle receiver only. 
List $265.83 


NC-2 TS, Table mounting 10’’ P.M. Loud Speaker in cabinet to 
match NC-900 TG above. List $25.00 


NC-200 RG, Rack Model, gray wrinkle 3/16” aluminum panel 
receiver only. List $289.33 


NC-2 RS, Rack Mounting 10’ P.M. Loud Speaker on 101%”’ 
panel to match NC-200 RG above. List $25.00 





A straight-line-frequency condenser is used in conjunction with a separate band spread condenser. 
This combination plus the full vision dial calibrated in frequency for each range covered and a separate 
linear scale for the band spread condenser, makes accurate tuning easy. Both condensers have inertia type 
drive. A coil switch with silver plated contacts selects the four ranges from 550 KC to 30 MC. Provision 
is made for either headphone or speaker. 

Like all receivers which have no preselector stage, the NC-45 is not entirely free from images. How- 
ever, where price is an important consideration, the NC-45 will be found a very satisfactory receiver. 


NC-45 — Receiver only, complete with tubes, coils covering from 550 KC to 30 MC for 105-130 volts AC or DC operation — 
black finish. List $84.17 


NC-45B — Receiver only, same as above but for battery operation, less batteries. List $84.17 
NC-45A — Receiver only, same as above but for 105-130 volts AC only. List $84.17 
NC-44TS — Loud Speaker in table mounting cabinet to match above receivers. List $11.66 
RRA — Relay Rack Adapters designed for mounting these receivers in a standard relay rack. List $2.75 


Shipping Weights: All models, 45 pounds, including speaker. 
All prices subject to change without notice 








RACK MODEL 


HRO table model, receiver only, complete with four 
sets of coils (1.7-4.0, 3.5-7.3, 7.0-14.4, 14.0-30.0 
MCS). List $329.50 
HRO Jr., table model, receiver only, with one set of 
14 to 30 me. coils. List $198.00 


COILS 

HRO Type E, Range 900-2050 ke List $22.00 
HRO Type F, Range 480-960 kc List $22.00 
HRO Type G, Range 180-430 kc List $30.00 
HRO Type H, Range 100-200 kc List $33.00 
HRO Type J, Range 50-100 kc List $40.00 


HRO Jr. Type JA, Range 14.0-30.0 mc List $18.25 
HRO Jr. Type JB, Range 7.0-14.4 mc List $18.25 
HRO Jr. Type JC, Range 3.5-7.3 mc List $18.25 
HRO Jr. Type JD, Range 1.7-4.0 mec List $18.95 


MCS table model cabinet, 8’° PM dynamic speaker 
and matching transformer List $18.25 


697 Table power unit; 115 volt, 60 cycle input; 6.3 
volt heater and 230 volt, 75 m.a. output, with tube 

List $29.50 
See our 1942 catalogue No. 500 for relay rack 
mounting, coil containers and accessories. 








NATIONAL HRO 


The HRO Receiver is a high-gain superheterodyne designed 
for communication service. Two preselector stages give 
remarkable image suppression, weak signal response and 
high signal-to-noise ratio. Air-dielectric tuning capacitors 
account, in part, for the high degree of operating stability. A 
crystal filter with both variable selectivity and phasing con- 
trols makes possible adjustment of selectivity over a wide 
range. Heterodynes and interfering c.w. signals may be 
“phased out’’ (attenuated) by correct setting of the phasing 
control. A signal strength meter, connected in a vacuum tube 
bridge circuit, is calibrated in S units from 1 to 9 and in db 
above S9 from O to 40. Also included are automatic and 
manual volume control features, a beat oscillator, a headphone jack and a 
B+- stand-by switch. Power supply is a separate unit. The standard model 
of HRO is supplied with four sets of coils covering the frequencies from 
1.7 to 30 megacycles. Each coil set covers two amateur bands and the 
spectrum between. The higher frequency amateur band of each range, by 
a simple change-over operation, may be expanded to occupy 400 divi- 
sions of the 500 division PW instrument type dial. 


For those who require the high performance of the HRO but do not need 
its extreme versatility, the HRO Jr. is offered. The fundamental circuit 
and mechanical details of both receivers are identical, but the HRO Jr. 
is simplified by omitting the crystal filter, signal strength meter and by 
supplying coils less the band-spread feature. 


The frequency range of both the HRO and HRO Jr. may be extended to 
50 kilocycles by using additional coil sets. 


All models of the HRO are supplied with 6.3 volt heater type tubes. 
Table models and accessories are finished in black wrinkle enamel. 


A technical bulletin covering completely all details will be supplied 
upon request. 


NATIONAL NC-100A 
NC-101X 


These 11 tube superheterodyne receivers are self-contained (except for 
the speaker) in a table model cabinet that is readily adapted to relay rack 
mounting. One stage of R.F. and two stages of |.F. are used. Low loss 
insulation and high-Q coils give ample sensitivity and selectivity. Separate 
R.F. and Audio Gain Controls and a signal strength meter are mounted on 
the panel. Other controls are tone, CW Oscillator, AVC with amplified 
and delayed action, a B+ switch, and a phone jack. A self-contained 
power supply provides all necessary voltages including speaker field 
excitation. The range changing system is unique in that it combines the 
mechanical convenience of a coil switch with the electrical efficiency of 
plug-in coils. 


All NC-100 series receivers are fitted with a noise limiter of truly remark - 
able effectiveness. 


The NC-100A, illustrated above, covers the range from 540 KC to 30 
MC. The large full vision dial is calibrated directly in megacycles and a 
separate high speed vernier scale provides high precision in logging. 
The NC-100XA is similar but equipped with a crystal filter. 


The NC-101%, illustrated below, is built strictly for the amateur bands and 

covers only the following ranges: 1.7-2.05 MC, 3.5-4.0 MC, 7.0-7.3 

MC, 14.0-14.4 MC, and 28.0-30.0 MC. The NC-101X is equipped with 
a crystal filter, S-meter, and the PW type instrument dial. 
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NC-100A — complete with tubes. AC model — 10” speaker in 
cabinet. List $220.00 
NC-100XA — complete with tubes and crystal filter. AC model — 
10” speaker. List $261.25 
NC-101X — complete with tubes. AC model — 10” speaker in 
cabinet. List $236.50 
NC-101XA — complete with tubes. AC model — 10” speaker 
in cabinet. List $236.50 
See our 1942 catalogue No. 500 for battery models, 12 inch 
speakers, 200-400 kc range, etc. 


The NC-101XA has the same features as the NC-101X, 
except for the direct reading dial and the cabinet, which are 
similar to the NC-100XA. 


NOTE: Special models of the NC-100 receiver with bands 
covering a 200-400 KC range are available. Prices furnished 
upon request. Battery models can ‘be operated from 686 


Vibrapak. 


All prices subject to change without notice 





NATIONAL NHU 


This specialized communication receiver is a super- 
heterodyne covering the range from 27 to 62 MC 
in three ranges, each being calibrated on a direct 
reading full-vision dial. The circuit uses three acorn 
tubes, and includes a Noise Limiter, Carrier-off 
Noise Suppressor, and Amplified and Delayed 
AVC. 


One large knob on the panel slides in or out to 
engage either the tuning condenser or the range- 
changing system. Inertia-type tuning is used, with a 
ratio of approximately 70 to 1. The pointer is posi- 
tively driven by rack and pinion, and moves ver- 
tically when the coil range is changed so that it always points 
and coils covering from 27 to 62 MC, to the proper frequency. The coils are mounted radially ina 
but without power supply, black finish. cast aluminum turret which is easily turned into position by the 
List $302.50 knob on ha Bae Directly above the ou pris re three- 
, gang straight-line-frequency tuning condenser. The circuit 
pices Spa a none oe and tubes are built completely inside the frame of the con- 
‘ ni denser, thus making a compact assembly with the shortest 
5856 Power Supply, table model with possible leads from coils to condensers to tubes. 
rectifier, for NHU or NHU-20. 
List $32.50 All features and controls commonly found in high-quality 
See our 1942 catalogue No. 50% for bat- communication receivers are incorporated in the NHU, 
tery operation, relay rack mounting, etc. including a wide range crystal filter. 





NHU Receiver, table model, complete 
with tubes, 8’” speaker with cabinet 


NATIONAL ONE-TEN 


The One-Ten Receiver fulfills the need for an adequate 
receiver to cover the field between one and ten meters. 


A four-tube circuit is used, composed of one tuned R-F. 
stage, a self-quenching super-regenerative detector, 
transformer coupled to a first stage of audio which is 


ee ee ee ee ee eee ee resistance coupled to the power output stage. Tubes 
suoply. List 493: : 

at ies er socibis ged required: 954-R.F.; 955-Detector; 6C5-1st Audio, 

5886 P up ° receiver wit : 

i tat eause 6F6-2nd Audio. 





NATIONAL SW-3 


; SW-3U, Universal model, without 
The SW-3U Receiver employs a coils, phones, tubes or power sup- 
circuit consisting of one i ply. List $38.50 
5886-AB, Power Supply, 115 V, 
stage transformer coupled toa £5 cyele, with 80 Rectifier, 
regenerative detector and one List $32.50 
stage of impedance coupled <,, General Coverage Coils 
audio. This circuit provides max- No. Range — Meters Pay Pair 





aprag ul 30 "a | ae 85 
imum sensitivity and flexibility 31 ioe oS 385 
with the smallest number of 32 93 to 41..... 3.85 
G a |: es 3.85 
tubes and the least auxiliary 3465 to 115... 3.85 
equipment. The single tuning dial operates a precisely adjusted 38 60 (0 3¢0..°° 433 
two gang condenser; the regeneration control is smooth and 37 350 to 550..... 4.49 
noiseless, with no backlash or fringe howl; the volume control is 39 850 to 1200... 7-95 
calibrated from one to nine in steps corresponding tothe Rscale. 47 1200 (oogoo) (798 
—_ 42 2000 to 3000...... 9.50 

ONE UNIVERSAL MODEL — The circuit of the SW-3U is arranged for Band Goread Coll 
either battery or AC operation without coil substitution or circuit change. 30A— 10 meter....... 3.85, 
Battery operation utilizes two 1N5-G and one 1A5-G tubes. AC opera- a. me Lesage ac: 
tion utilizes two 6J7-G and one 6C5-G tubes. Type 5886 AB power 344 90 meter....... 3.85 
supply is recommenaed. 35A — 160 meter....... 3.85 


All prices subject to change without notice 
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NSA HIGH-FIDELITY SPEECH AMPLIFIER 


The NSA is an eight tube amplifier cap- 
able of delivering 15 watts of undistorted 
output. Two input circuits with electronic 
mixer, and with separate gain controls are 
provided. The low level circuit has a gain 
of approximately 125 db and is suitable for 
crystal microphones, etc. The high level 
circuit has a gain of approximately 70 db, 
and is for phonograph pickups, etc. 

Normal frequency range is 25 to 10,000 
cycles within 2 db, but a tone control is 
provided which permits attenuating high 
frequencies or low frequencies, or both. 
Push pull 2A3’s are used in the output, 
with fixed bias obtained from a separate 
built-in rectifier. 


NSA Speech Amplifier, Table Model 
List $125.00 


NATIONAL NSM MODULATOR 


The new Type NSM Modulator Unit is 
intended particularly for use with the 
NTX-30 Transmitter, but its many advanced 
features make it desirable for any modulat- 
ing job within its 30 watt rating. Typical 
among its features are Automatic Volume 
Compression, DB meter indicating the 
amount of compression, tone control, and 
two separate input circuits. 

A complete description and listing will 

be found in our 1942 catalog No. 500. 

NSM Modulator, Table Model List $143.00 


NATIONAL NTX-30 TRANSMITTER 


The NTX-30 is an exceedingly compact and 
convenient CW transmitter having an output 
of 30 watts on 10, 20, 40 and 80 meters. It 
employs an efficient exciter system and fea- 
tures a special interlocking push switch in 
the exciter circuits. 

For phone an external modulator such as 
the NSM described above must be used. 

The NTX-30 is ideally suited for use as 
an exciter-buffer combination whenever 
higher power is desired. 

A coniplete description and listing will 
be found in our 1942 catalog No. 500. 
NTX-30 Transmitter, Table Model List $215.00 


All prices subject to change without notice 
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The SKYRIDER “32” 


COVERS EVERYTHING ON THE 
AIR FROM 500 KC. TO 40 MC. 


The Skyrider 32 embodies many noteworthy 
engineering advancements. 13 tubes. Six 
bands. Two stages preselection on four 
highest frequency bands. Calibrated band- 
spread inertia controlled. Micrometer scale 
tuning inertia controlled. The Skyrider 32 has 
been engineered by Hallicrafters to produce 
superior communications receiver perform- 
ance at a moderate price. Specifications: 
Frequency Range—Band 1, 500 to 1455 ke. 
Band 2, 1400 to 2800 kc. Band 3, 2670 to 
5800 kc. Band 4, 5.3 to 11.3 mc. Band 5, 
10.8 to 23.1 mc. Band 6, 20.8 to 40 me. 13 
tubes. 6 bands. 2 R.F. stages on bands 3, 4, 5, 
6. Six step wide range variable selectivity. 





Push-pull high fidelity audio output. Wide 
angle "S” meter. Phono jack. Improved signal 
to image and noise ratio. 80/40/20/10 
meter amateur bands calibrated. Tempera- 
ture compensated high frequency oscillator. 
Cabinet dimensions: 20/2” long, 1434’’ deep, 
10” high. The Skyrider 32 with crystal and 
tubes, less speaker. Net $149.50. Halli- 
crafters Jensen bass-reflex enclosure in- 
cluding 12” speaker, 30” high, 16” deep, 
222"' wide, $34.50. Hallicrafters Jensen 
bass-reflex enclosure 


including 8’ speaker, 
23%" high, 10%’’ deep, $149.50 


172" wide, $29.95. 


the hallicrafters co. 
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The SKYRIDER “28” 


SETS A NEW HIGH IN 
QUALITY PERFORMANCE 


15 tubes. Two stages preselection. Calibrated 
bandspread inertia controlled. Micrometer 
scale tuning inertia controlled. Tone and AC 
on-off. Beat Frequency Oscillator. AF gain. 
RF gain. Crystal phasing. Adjustable noise 
limiter. Send-receive switch. AVC-BFO switch 
Bass boost switch. Phono jack. 80/40/20/10 
meter amateur bands calibrated. Wide angle 
“S" meter. Band pass audio filter. Improved 
signal to image and noise ratio. Push-pull 
high fidelity audio output. 6-step wide range 
variable selectivity. Improved headphone 
output, 





Frequency range; 550 to 1610 ke., 1.5 to 
3.05 mc., 2.9 to 5.86 mc, 5.75 to 11.5 
mc., 10.4 to 21 me., 20.7 to 42 me. The 
Model SX-28 Receiver with crystal and 
tubes, less speaker. Net $179.50. Halli- 
crafters Jensen bass-reflex enclosure _ in- 
cluding 12” speaker 30” high, 16” deep, 
22'2'’ wide, Model R12 $34.50. Halli- 
crafters Jensen bass-reflex enclosure 8” 
speaker, 23'4” high, 

1%” deep, 1742” wide. 

Model R8 $29.95. $179.50 


Shipping weight 87 Ibs. 


the hallicrafters co. 
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New High Fidelity 


FM-AM TUNER 





FREQUENCY MODULATION 
AMPLITUDE MODULATION 


High Fidelity Tuner for Frequency Modulation and Amplitude 
Modulated Broadcaster Section. Eight tubes, frequency 
range 540 to 1650 kc., 40 to 51 mc. Power output 130 milli- 
watts undistorted. Power consumption 120 watts. Operates 
on 115-125 volts, 60 cycles AC. Model S-31 Tuner with 
19”” x 834” rack panel. Metal cabinet and tubes, oP als 
Model S-31A High Fidelity, 25 watt amplifier, complete 


with cabinet and tubes, eA 00 


the hallicrafters co. 
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MODEL S-33 
SKY TRAINER 
TRANSCEIVER 


Can be used for transmission of 
ICW by plugging in a key into 
terminals provided. No additional 
microphone or handsets  re- 
quired. To transmit, depress 
switch lever and talk. To receive, 
release lever. Frequency range 
(approx.) 112 to 118 me.; Con- 
trols: phono jack, frequency, 
volume, send-receive switch. An- 
tenna fastens to side of unit. 
Size: 10” x 642" x 4M”. 
Approx. weight 16 Ibs., $29.50. 





the 


EQUIPMENT 


The SKY BUDDY 


Designed with the thought of producing a lower price amateur receiver with superior 
performance. Continuous coverage, 550 kc. to 44 mc. 10 meter band with uniform 
sensitivity over the entire band. Four bands. Electrical bandspread. Illuminated band- 
spread scale covering 360°. Built-in 5’ dynamic speaker with floating rubber sup- 
ports. Beat frequency oscillator. Built-in line filter. Six tubes with 8 tube functions. 
6K8 converter tube uses separate filter supply for greater stability. Band switch. 
AVC switch. Send-receive switch. Baked black crackle cabinet 17'42”” x 8Y2"’ x 814’’. 
Amateur net price...........+.. atguslaieueitafiel enews demain cmanyee ed aan aeeane . $32.50 


The SKY CHAMPION 


One of the best values ever offered in the communications field. Has all the essential 
controls for good amateur reception. Nine tubes. Complete coverage (545 ke. to 44 
mc.) in four bands. Automatic noise limiter. AVC switch. Standby switch. Inertia band- 
spread tuning. Separate electrical bandspread. Beat frequency oscillator. Batiery- 
vibrapack, DC operation socket. Dimensions: 182” long, 8/2’ high, 93%4’’ deep. The 
Sky Champion (Mode! S-20R). Shipping weight 32 Ibs., $54.50. Extra for Univ. 
110-250 volts, 25-60 cycles, $5.00. SM-20R carrier level meter, $11.75. 


hallicrafters co. 
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MODEL S-31A 


Hallicrafters amplifier, delivers 25 watts of high fidelity audio 
power fo either speaker or 500 ohm load. 6 tubes, fidelity 2 DB 
from 50 to 15,000 cycles, gain-channel No. 1, microphone (high 
impedance) 96 DB, channel No. 2, phone (low impedance) 60 DB. 
Designed for rack panel mounting. Dimensions: Panel, 19’ x 
834"; Dust cover, 18” x 834’ x 10’. Complete with cabinet and 
tubes, $54.00. 


HT-4 450 WATT 


The HT-4 is intended for those who want the BEST in an efficient, 
high-powered rig. The carrier output is 325 watts on phone and 
450 watts on CW. Once adjusted to any band the rig may be 
operated remotely. The transmitter may be set to any three of 
the 10/20/40/80/160 meter bands. Subsequent selection of 
any of the three frequencies is by a switch on the front panel. For 
operation from 110 volts 50-60 cycles AC. Available for special 
frequencies. Write for prices. Model HT-4—complete with tubes 
and HT-5 pre-amplifier. Dimensions: 29’ x 19” x 37” high. 
Shipping weight 550 Ibs. $795.00. Additional set of coils for 
any one amateur band (10 to 160) $27.50. 


S-29 SKY TRAVELER 


Use it wherever you are! Truly a universal receiver. Operates on 
either 110 volts AC or DC or from its self-contained batteries. 9 
tubes, 4 bands, covers from 550 ke. to 30.5 me. Electrical band- 
spread. 1.4 volt tubes used throughout. Battery life prolonged 
through a self-contained charging circuit. Approx. battery life 
100 hours. Cabinet dimensions: 7” x 82’ x 1344’. Self-contained 
collapsible antenna. Extends to approx. 3 feet. Weight including 
batteries 18 Ibs. $69.50. 
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The New SUPER DEFIANT SX-25 






Tunes from 550 ke. to 42 mc. 4 bands, 12 tubes. 2 stages preselection. 
Separate calibrated bandspread dial for the 10/20/40/80 meter 
amateur bands provides frequency meter tuning. 10’’ PM dynamic 
speaker obtainable in matching metal cabinet. 110 volt 50-60 
cycle. Provision for DC vibrapack or battery. Complete with crystal 
and tubes (less speaker) $94.50. 


MODEL S-27 


General coverage U.H.F communications receiver incorporating 
both FM and AM in one chassis. Covers 3 bands: 28 to 46 mc.; 45 to 
84 mc.; 81 to 145 mc. Switch Changing from FM to AM reception. 
15 tubes. 110 volt 50-60 cycle AC. Dimensions: 19’’ long, 9’ high, 
14” deep. Model S-27 FM/AM Receiver complete with tubes 
$195.00. Model S-27B covers 36 to 165 mc. $195.00. 


The SKYRIDER 
DEFIANT 


An exceptional communications receiver 
value. 9 tubes, 4 bands, frequency range 
540 ke. to 43.5 mc. Single-signal crystal 
filter standard equipment. DC operation 
socket-battery or vibrapack. Complete 
with tubes and crystal—less speaker— 
$74.50. PM-23 dynamic speaker with 
transformer—in sturdily constructed cab- 
inet $15.00. 





the hallicrafters co. 
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box complete $20.00. 


AMATEUR 


HT-7 Frequency Standard 


COMMUNICATIONS EQUIPMENT 


HT-11 MARINE RADIOPHONE UNIT 


Ship to shore radio transmitter and receiver. Transmitter operates on 3 frequencies 
in the marine band of 2000 to 3000 ke. Receiver is manually tuned and covers 
the standard broadcast band on range no. 1. Range no. 2 covers the marine chan- 
nels, and separate noiseless vibrapack power supply is supplied for 6 or 12 volt 
DC operation. Other voltages can be used with suitable converter. $267.00. 
For 110 volt AC operation. $179.50. 


S-30 RADIO COMPASS 


Checks your position against beacon, broadcast or shore 
radiophone stations. Covers: 230 to 550 kc., 550 to 
1340 ke., 1220 to 3000 kc. 6 tubes. Power unit consists 
of thoroughly filtered vibrapack for 6 volt battery 
operation. 57 PM dynamic speaker available (extra). 
Complete with tubes, headphones and 6 volt vibrapack 
power supply $134.50. Separate emergency battery 


Once set it will maintain its frequency accurately over 
long periods of time. Unequalled for checking transmitter 
frequency, and receiver calibrations. Also for calibrating 
and band-setting receivers, locating signals for skeds, 
and setting ECO frequency. Operates on 110 volts, 
50-60 cycles. Complete with tubes and crystal $32.50. 





Extra for Univ. 110-250 volts, 25—60 cycles $5.00. 





the 








25 WATT 


HT-6 


Phone and CW transmitter. Power output is 25 watts on most 
bands. Frequency range is 1.7 mc. to 60 mc. Coils for any 3 
bands may be plugged in, pretuned, and then switched at 
will by a front panel control which properly connects all 
circuits from crystal to antenna. Model HT-6—transmitter with 
tubes, less coils and crystals. Shipping weight 67 Ibs. (Trano) 
$110.00. Coils for 160, 80, 40, 20 meter operation, each 
set, $6.00. E.C.O. unit for 160, 80, 40, 20 meter operation 
for corresponding coils listed above, each $4.50. Set of coils 
for 5 or 10 meter operation on twice crystal frequency each 
set $8.50. Random Frequency Crystal for 160, 80, 40 meters, 
each $4.80. Random Frequency Crystal for 20, 10 and 5 
ern each $5.75. Extra for 220 volt 50-60 cycle operation, 
9.50. 


hallicrafters co. 
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HT-12 MARINE 
RADIOPHONE UNIT 


A 50 watt radiophone that answers every 
marine radio need! Power supplies available 
for operation on 12—32-110 DC and 110 
volts 60 cycles AC. Gives you ship-to-ship, 
coast guard and ship-to-shore communica- 
tions wherever you cruise. Dimensions of 
radiophone: 20'2’’ high, 1914’’ wide, 12” 
deep. Complete with tubes, less crystals and 
installation but with power supply for 110 
volt 50/60 cycles, $475.00. Model 
HT-12: same as above but for 32 or 110 
volts DC operation as specified, $580.00. 
Model HT-12: Same as above but for 
operation from 12 volts DC, $605.00. 





The HT-9 


100 watt transmitter. 5 frequency phone and CW unit, 
rated at 100 watts on CW and 75 watts on phone 
(carrier output). Complete with tubes, but less crystals 
and coils. Shipping weight 165 Ibs., $225.00. 160, 
80, 40 meter coils (for operation on crystal frequency) 
each set, $9.50. 20, 10 meter coils (for operation on 
twice crystal frequency) each set $10.50. 160, 80, 40 
meter crystals, each $4.80. 20 meter crystals (for 10 
meter operation), each $5.75. 





The SKYRIDER MARINE S-22R 


Designed for marine service in the range from 16.2 to 
2150 meters. Built for 110 volts AC-DC operation. 
Also may be operated from 6-volt battery supply with 
the addition of a Model No. 320 Electronic Converter. 
Dimensions 18Y2’’ x 9%’ x 8Y2’’ high. The Skyrider 
Marine (Model S-22R). Complete with tubes and 
speaker. Shipping weight 31 Ibs........... $74.50 


HT-8 25 Watt RADIOPHONE 


The ideal radiotelephone transmitter-receiver unit for 
any type of craft. Transmitter covers 5 frequencies, the 
receiver 6 frequencies. Complete with tubes, separate 
power supply for 12, 32, or 110 volts DC (all operate on 
110 volts 60 cycles AC). Less crystal and installation, 
110 volts AC, $325.00. 32 volts and 110 volts DC. 
$385.00. 12 volts DC, $417.50. 





the hallicrafters co. 
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EMERGENCY 


Uncle Sam calling. A national 


emergency this time... unlimited. It took 





Peer’ a lot of black headlines and some strong 
legislation before most Americans were awakened, stirred 
to action. But not the amateur radio operator. Like the Navy, 


he is always ready. Emergency is, in fact, his middle name. 


Today no branch of the Service is without its amateur radio. 
operators. Hams have been called to active duty in the 


U. S. Navy, the Merchant Marine, the Army Signal Corps, 





the FBI. Still other amateurs are standing by, at their posts, 
awaiting special orders. Indeed, when the history of this 
war is recorded, the American ham—his readiness, will- 
| ingness and fitness to help get on with the job of building 
a strong national defense through an efficient armed force 


—must rank high among citations for distinguished service. 





The qualified amateur, answering the call to the colors, is 
already trained. He knows the Code. He knows too, because 


his middle name is Emergency, how important in radio 








why that's a ham’s 
middle name! 


communication is dependable equipment. And so C-D 
capacitors, having served so many amateur radio operators 
so faithfully for so many years, today are serving Uncle 
Sam. Cornell-Dubilier experience—the longest experience 
back of capacitors—is responsible for the amazing depend- 
ability of C-Ds. Next time you need capacitors, specify 
Cornell-Dubilier. You can depend on them more than ever 


for they're in the Army now! Address Cornell-Dubilier 


Electric Corp., 1013 Hamilton Blvd., South Plainfield, N. J. 






THE MOST DEPENDABLE units the amateur can 
choose are Cornell-Dubilier type TJU 
Dykanol Capacitors. These are the capaci- 
tors practically every broadcast and gov- 
ernment station in the world uses with 
signal success. Safely rated, compact and 
lightweight, they are standard equipment 
with thousands of amateurs. 
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Standard of the 
world for Clarity 4 ne 
... Speed... Gen 


Sending Ease 
Reg. Trade Marks. Vibroplex, Bug, Lightning Bug 









The “CHAMPION”  ‘Wa/< [= a 


ONLY i * Ti LZ 


The greatest value in Vibroplex 
history. Like all true champions 
—this key defies competition. 
Amazingly easy to operate, 
professionally fast and built to 
last. Standard size black crackle 
base. Chromium plated parts. 
3/16” contacts. Without circuit 
closer, cord and wedge. 


The BUG trade mark iden- 
tifies the Genuine Vibroplex. 






Prices subject to 
change without 
notice. 









IBROPLEX has been making fine semi-automatic (Bug Type) keys from 

the beginning of Bug sending. So it must mean something when we tell 

you that these keys are the finest we have ever produced. They place at 
your command a degree of sending performance which we believe is 
unapproachable by any other key. The Vibroplex key has pleased over 110,000 
Radio and Morse operators and it can be depended on to please you. Choose 
Vibroplex—and you choose the finest. 


LIGHTNING BUG 


model. Here's a key that 
gives TOP performance 





ORIGINAL model. Here’s an old favorite and one of our wherever used. Has many 
fastest sellers, And no wonder—it has become famous the advanced features not 
world over for its smooth, effortless action, superior sig- found In any other key, 
nal, durability and wide speed range. We know of no finer including new design frame, 
key for any telegraph purpose. Standard finish. Black improved flat pendulum, 
crackle base. Highly polished chromium machine parts. Pre- instantly adjustable. dot 
cision construction including DIE CUT contact and main spring, contact spring, bridged 


damper frame and many 
others, all of which mean 
easier manipulation and greater sending satisfaction for the operator. Standard 
ini: finish. Black crackle base. Polished chromium machine parts. Precision construc- 
siicnacisuliney ‘gambiae eee, vere BT 9.50 tion including DIE CUT contact and main spring. 3/16” 13.95 
contacts. Complete with circuit closer, cord and wedge $ oF 


De Luxe fish ssisis seen canes seam swe ween eae $17.50 


3/16” contacts. Complete with circuit closer, 
cord and os 5.95 


BLUE RACER 


model. This is a great little 
key. About half the size of 
large models. Compactly 
built, smart in appearance 
and capable of the finest 


The original, Blue Racer and Lightning Bug models are also available 
in De Luxe finish. Have highly polished chromium base and machine 
parts. Colorful red switch knob, finger and thumb piece. Green silk 
sending performance. Stand- cord and wedge. Extra large contacts, And in addition to the ad- 
lee aa pleat ‘ vanced features which have made Vibroplex keys famous—De Luxe 

ae Aaa . . ¥ keys are also equipped with PATENTED JEWEL MOVEMENT—a 
parts. Precision construction including DIE CUT contact and main spring. feature faund orlly in De LieaeeaGitwhich gives tha operater-bottel 


3/16” contacts. Complete with circuit closer, cord and 

Wedges i scaemonwrs eo eanewe ss dates We ieats c W Balen $ 1 5.95 control, enhances his natural ability and reduces sending effort to the 
minimum. By any standard, by any measurement, Vibroplex De Luxe 

Deluxe finish........... awd 6:8 Cie VereKeie & © S-EKaTRIEWS © si oreless ‘ % 1 9. 50 keys represent sending at its easiest and best. Remit by money 
order or registered mail. 





Write for FREE illustrated catalog showing 
CARRYING CASE complete line of Vibroplex keys. 


Handsome black morocco, 
Reinforced corners. Flexible 


leather handle. With patent 
lock and key, $3.50. Zipper 
case, flexible. Genuine 
leather, $2.00. 





"INSULATED METALLIZED 

, Also Type BW Wire Wound 
: Insulated.1/2-,1- and 2-Watts. - 
ATTENUATORS 


2sizes,20- and 30-steps. 


METALLIZED 
CONTROLS 


Volume-Tone-Poten- _ 
tiometer, Metallized & 
Wire Wound. | 


ALL-METAL © 
RHEOSTATS 
to 100 Watts. . 


SPECIALIZATION 


For 18 years, the entire IRC organization has focused its research 
work, its ability and energy exclusively upon the manufacture of fixed 
and variable resistors. This long-continued specialization is responsible 
for IRC’s world-wide reputation for engineering achievement and thor- 
ough knowledge of resistor problems. 


From the humblest grid leak in your rig to the control or rheostat on 
your panel, or to the biggest, hottest 200-watter in your power supply, 
the trademark ‘IRC’ is your assurance of dependability, long life 
and trouble-free performance. 


INTERNATIONAL RESISTANCE CO., 401 N. BROAD ST., PHILADELPHIA 


Makers of Resistance Units of More Types, in More Shapes, for 
More Applications Than Any Other Manufacturer in the World. 
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PRACTICE TAPES COME 
IN 15 ROLL SETS. 
CATALOG G-15 


PRICE $30.00NET. 


CHOICE OF 
ARMY TAPES, 
NAVY TAPES, 
AMERICAN 
MORSE TAPES 






PRICE $90.00 Net 


G-813 is complete as shown 
Keyer and Tape Puller 






TAPE PULLER G13/CTPI3Z00 


SOLD SEPARATELY 
@ $45.00 










TURN KNOB IN TO USE RELAY 
TURN OUT TO CUT OUT RELAY 


McELROY MODEL G-813 RADIO CODE KEYING UNIT 


Designed for radio operator training schools of the United States Army. 


Dots and dashes are inked on regulation telegraph recorder paper slip 34” wide. These recordings resemble 
the conventional visually read slip, excepting the pen is heavier which results in an inked line about 1/16” 
thick and the ink used is a black India drawing ink. Paper slip is mounted on 400’ 16mm, motion picture 
reels, each roll containing sufficient inked slip to-operate the keyer at speed-of 20 words per minute for one 
hour. 


Paper slip is drawn through a guiding gate between an exciter lamp and a photo tube. The inked dots and 
dashes interrupt light onto photo tube, actuating a relay which keys any external tone source. 


Practice tapes consist of a set of fifteen rolls prepared from-master tapes furnished by Signal Corps School, 
Fort Monmouth, N. J. Best results will be obtained if the keyer is used in collaboration with Signal Corps 


School Pamphlet No. 53, Radio Operator’s Manual, 1940 Edition. 
RADIO TELEGRAPH 


SIGNAL RECORDER 
MODEL RRD-900 


PRICE $90.00 Net 


This is a device designed to 
make inked recordings of 
transmitted dats and dashes 
THROW ON TO RECORD of the radio telegraph code. 
LOCAL SENDING BY BATTERY Amplifying circuit and cop- 
peroxide rectifier are built 
into the unit. Circuit dia- 
gram accompanies each in- 
strument. Slip is drawn 


110-120 VOLTS -AC-DC 


WN7Z6GT WINTGT TUBES 


REMOVE THESE SCREWS TO 
REPLACE VOICE COIL ASSEMBLY 


IDLERS 
FOR ADJUSTMENT OF PAPER 
CUIDE ROLLER AT PEN POINT 


LINE HEIGHT ADJUSTMENT 


INK WELL AND FLOW 
ADJUSTMENT SCREW 




















TO WS VOLTS, 60 CYCLES 







TO VOICE COIL OF RECEIVER'S SPEAKER 


WILL RECORD PERFECT SLIP AT 250 WPM through recorder by tape 
puller such as the G-13. 






SAMPLE OF 
RECORDED SLiP 





100 BROOKLINE AVENUE VS BOSTON, MASS. 





NEW SUPER STREAM-SPEED 


PLATINUM 5-600 PC 
Dot Contacts $ 11.85 





STREAM KEY 
DE LUXE MODEL 


No. 300 at $3.45 net. 
No. 200 at $2.25 net. 
No. S-100 at $1.65 net. 


Beautiful tear-drop streamlined 
base with heavy bluish tinged 
chrome. All parts chromed. Finely 
balanced key lever. 3/16” con- 
tacts, designed expressly for these 
keys. These pretty Streamkeys 
have a “feel”? that makes good 
Morse easy for any operator. 


NO-120 VOLTS 
Ac-0Cc 


PROFESSIONAL MODEL, same key but base “black wrinkled.” 


RADIO TELEGRAPH APPARA 


VOLUME ON 
CONTROL OFF CONTROL 
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TUS Manufactured by 
RADIO TELEGRAPHER 


Into this gorgeous speed key has gone Mac’s 30 
years operating experience supplemented by the finest 
engineering ability in the radio-telegraph industry 
- .. with their combined efforts coordinated under 
the styling genius of one of America’s outstanding 
design artists. See it! Handle it! You'll have to own 
it! Combining beauty and utility in a most striking 
fashion, this radically new, semi-automatic key is the 
last word in operating ease. Fast, rhythmical Morse 
is a real pleasure with this key. 


© Streamlined base of special dense alloy. Wt. 4 Ibs. 
@ Tear-drop shaped base makes it immovable on 
table. 

Heavily chromed with bluish tinge to prevent glare. 
Swedish blued steel mainspring and U spring. 
Bronze bearing screws. 

Bronze alloy pigtail. 

Bakelite insulation throughout. 

Molded plastic dot paddle and dash button. 


PRACTICE SET CAtatoe no. s-710—$10.50 Net 


Complete with tube 
TUBE NI7N7GT 












$-100 OsciLLATONE $7.50 
——<—<—<$_ << . 
OLD SEPARATELY WITH TUBE 


S-100 KEY POLISHED 
POLYSTYRENE MOLDED BASE 
CHROMED BRONZE METAL PARTS 


CAST \RON HEAVY BASE WITH 3 RUBBER 
FEET. BLACK WRINKLE FINISH. 


TONE 


CATALOG No. 200 


AMATEUR MODEL, rich black polystyrene base, same lever; and large contacts, circuit closing switch, 
bronze bearing screws. A beautiful and superbly balanced key at an absurdly low price because of enormous 


volume. 


CATALOG No. S-100 


PROFESSIONAL MODEL, MAC KEY 


Designed to conform with United States Navy speci- 
fications for “speed key.’ It is just what its name 
implies: A fine Professignal Operator’s model Mac 
Key. Base 334" x 64%" x 3%" thickness. Beautifully 
black wrinkled over Parkerized base casting. Careful- 
ly designed super-structure, similarly finished. 


Chromed parts, circuit closer, bakelite insulation, 
3/16” silver contacts. A key that will thrill any radio 
or telegraph operator. 


TELEGRAPHER’S MODEL 
CHROMED YOKE, CORD. 


CP500 @ $9.50 





MODEL 
No. P500 


$7.50 
NET TO THE 
OPERATOR 





100 BROOKLINE AVENUE 


BOSTON, MASS. 


SECTION 


—  BLILEY 





40 METERS 
TYPE Bo 





80-160 METERS 
TYPE LD2 





STANDARD FREQUENCY 
100KC. CRYSTAL UNIT 
TYPE S$OC100 





= 
40-80-160 METERS 
TYPE BCG 





20 METERS 
TYPE HF2 





STANDARD FREQUENCY 
100KC. CRYSTAL UNIT 
TYPE SOC100X 





40-80 METERS ’ TYPE SMC100 
VARIABLE FREQUENCY CALIBRATOR CRYSTAL UNIT 


100KC.—1000KC. 


GENERAL COMMUNICATION FREQUENCY 
CRYSTAL UNITS 


SEE CATALOG G-12 


Oe Pie ry sew ec tec O.. 










—i}-— Tyre 85) ~——i}- — 


Thoroughly engineered in every detail, this 
compact unit represents the best ina mounted, 
low-drift, high-frequency quartz crystal. Each 
crystal is manufactured under rigid standards 
and hasatemperature coefficient not exceeding 
+4 cycles/mc./°C. 

Price—40O-meter band, within 
+5ke. of specified kc.* 
—at specified integral kc. 


$4.80 
$5.90 


| —a-— TYPE 8c3 ——j}— | 


This popular, economically priced crystal unit 
is fully reliable in every respect. The accurately 
cut crystal has a high activity with a frequency 
drift of only 23 cycles/mc./°C. Heat, developed 
by the crystal, is dissipated by the stainless- 
steel holder cover-plate thereby reducing 
actual frequency drift. 

Price—40 or 80-meter band, 
within +5kce.*. . $3.35 

—at specified integral kc. $4.95 
Price—160 meters, within +10kce. $3.35 


——ft—>_ ‘TYPE VFI _—_#+- 


& | 
Avoid QRM by frequency selection. The fre- 
quency of the VF1 Variable Frequency Crystal 
Unit is continuously variable up to 6kc. with 
the 80-meter unit, or 12kc. with the 40-meter 
unit. When multiplying, the range is propor- 
tionately increased. The specially finished 
crystal has a drift of less than +4 cycles/mc./°C. 
and an activity only somewhat less than that of 
high ‘activity fixed-frequency crystals. 
Price—40-meter band, minimum 
frequency within +15kc. 
of specified. .. . 
—within +5kc. = 
Price—80O-meter band, minimum 
frequency within + 5kce. 
Price—at specified integral kc. 


$6.60 
$8.50 


$6.60 
$8.50 


——It—— TYPE LD2 ——4g| | 


The outstanding crystal unit for the 80 and 
160-meter bands. It incorporates a powerful, 
highly active crystal with a frequency drift of 
less than +4 cycles/mc./°C. Correctly designed 
and carefully manufactured, this time-proven 
unit provides accurate, dependable frequency 
control. 

Price—within + 5kc. ofspecifiedkc.* $4.80 
Price—at specified integral kc. $5.90 


= VE 


Frequency multiplication in 21%, 5, 10 or 20- 
meter transmitters is minimized with this de- 
pendable 20-meter crystal unit. It has high 
activity comparable to lower frequency crystals 
and can be used in any conventional triode, 
pentode or tri-tet oscillator. Physical rugged- 
ness is accomplished through the harmonic 
vibrating principle. Frequency drift is +20 
cycles/mc./°C. 
Price—2O-meter band, within 
+15kc. of specified kc.* . 
Price—14.4 to 15.0Omc., within 
+ 30kc. of specified kc.* . $5.75 


——s|—. TYPE smci100 ——{s}—— 


Frequency checking, calibrating receivers 
and signal generators, or performing general 
frequency measurements is easy with a 100kc. 
—1000kc. frequency standard. A few stock 
parts and an SMC100 Dual-Frequency Crystal 
Unit is all that’s needed for construction. 


Price . $7.75 


a ootypE CF Sood 4 


The Bliley CF1 Crystal Filter Unit, 
with its high Q and freedom from 
spurious responses, assures maxi- 
mum receiver selectivity and 
minimum signal loss. 

Price—456kc., 465kc. or 
500kc. I-F. $5.50 
Price—1600kc. I-F. $9.50 


—it— TyPE socioo —}— _ 


This precision-manufactured, knife-edge 
mounted, 100kc. bar is designed for use in 
primary or secondary standards of frequency 
where high stability and accuracy is essential. 
The crystal has a temperature coefficient of 
+3 cycles/mc./°C. maximum. 

Price—calibrated at room temp. 
Price—at specified oven temp. 


$5.75 


- $15.50 
- $21.00 


a Tyre sociox =a 


A knife-edge mounted 100kc. X-cut bar for 
applications not requiring the high accuracy 
and stability of the SOC100 Unit. Temperature 
coefficient is (—) 10 cycles/mc./°C. 

Price—calibrated at room temp. 
Price—at specified oven temp. 


$9.50 
- $15.00 


*Or choice from dealer's stock 


Engineering Bulletin E-6, FREQUENCY 
CONTROL WITH QUARTZ CRYSTALS, is 
a handbook on crystal control. Price, 10¢ 

_ (Canada and foreign, 15¢). Descriptive 
catalogs of Bliley Crystal Units are avail- 
able at no charge. 


Quartz crystals for frequency control 
and special applications are manufactured 
for all frequencies from 20kc. to 30mc. 
Bliley Broadcast Frequency Crystals 
are approved by the F. C. C. Ask for 
Catalog G-12. 


All prices shown are net in U.S. A. 
and are subject to change without notice. 
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You will find no lazy, inactive cells in Burgess Bat- 
teries! First-grade material in carefully selected, 
tested cells are responsible for Burgess quality. 
Longer, dependable service, resulting in more econ- 





No. 4FA Little Six —114 volts—re- 
places one round No. 6. Radio “A” 
type, is recommended for the fila- 
ment lighting of vacuum tubes. 

Size, 415%6" x 254” x 254”. 

Weight, 1 lb. 6 oz. 





No. F2BP— A small 3-volt ““A’’ bat- 
tery used in portable transceivers, 
radio test instruments, and portable 
lighting equipment. Equipped with 
screw terminals and insulated junior 
knobs. Size, 13%” x 254” x 416". 
Weight, 12 oz. 


No. 2FBP — A small 114 volt “A”, designed for 
radio test instruments, portable amplifiers, and radios 
requiring 144 volts for the ““A”’ circuit. Equipped 
with screw terminals and brass knurled nuts. Size, 
15%" x 254" x 416". Weight, 12 oz. 





No. 44— A special 114 volt dry cell. Ideal 
for microphones, laboratory and surgical in- 
Screw 





: a 
'SURGESS| 
) SATTERY 
3) pete (2 






struments, and portable radios. 
terminals and brass knurled nuts. Size, 
17%" diameter x 425¢4” overall height. 
Weight, 10 oz. 





No. F4BP — A 6-volt heavy-duty 
portable battery, designed for Burgess 
X109 headlight. Contains four F 


cells connected in series. Screw ter- 
minals and brass knurled nuts. Size, 
QV" x D2" x Al". 
6 oz. 


Weight, 1 Ib. 


No. 5360 — A very compact 41% volt 
“C”’ battery designed for portable use. 
Brass posts, contacts, and nuts. Size, 
3” x Be" x 258". Weight, 5 oz. 





There tha 


BURGESS BATTERY 
FOR EVERY PURPOSE 











omy, makes Burgess the first choice of amateur, 
engineer, and scientist. Satisfy yourself on the 
next dry battery that you need, by specifying 
Burgess. 





No. Z30N — 45 volt “‘B’’ battery. 
Adapted to 
radio, portable receivers and trans- 


mitters. Screw terminals. Size 3” x 
1%" x5". Weight, 1 Ib. 4 oz. 


Improved small size. 





No. 2F2H — A 3-volt radio ““A” 
battery used with portable radios, 


BURGESS | 
RADIO 4 


A BATTERY amplifiers, and special instruments. 
Size, 25%" x 25%” x 434”. Weight, 1 


lb. 6 oz. 


No. W30BPX—45 volts. Extreme- 
ly small and lightin weight. Very 
suitable for personal transceivers 
used by amateur clubs and radio 
stations. Equipped with insulated 
junior knobs. Size, 144” x 22%" x 
Ale”. Weight, 10 oz. 





No. 2308—A 45 volt super-service standard size radio 
“B’’. Built to deliver maximum service for medium size 
battery. Designed for receivers with plate current drain 
of 10 to 15 milliamperes. Size, 74%” x8" x 2%". 
Weight, 7 lbs. 6 oz. 


No. M30—A small light weight 45 volt 
“B”’ battery for use in portable radios. 
Universal size; will fit the majority of 
portables on the market today. Size 
554" 3%%"x174%". Weight, 1 lb. 10 oz. 





No. XX45 — Light weight and compact. 
67% volts. An ideal portable battery. 
Designed for all ‘‘personal”’ radios. Size 
Oo" x 16)" x 3146". Weight, 34 Ibs. 





The Amateurs Friend BURGESS The Engineers Choice 





FOR FURTHER INFORMATION, WRITE BURGESS BATTERY COMPANY, FREEPORT, ILLINOIS 
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A FLOOD OF ELECTRONIC MATERIAL 


For Uncle Sam’s Army, Navy, Marine and Air Corps 


Day and night a flood of materials is being poured out of the American Phenolic fac- 
tories for the radio and electrical wiring of our country’s land, sea and air machines. 
There can be no let up in the filling of these defense orders. 


However, amateur radio is important, too. It is partly responsible for the vital position 
radio occupies today, and in time of war the Radio Shack is almost sure to become 
the listening post of our government. Therefore, we believe it is very necessary to keep 


the amateur supplied so that he may continue his good work and be ready for duty in 
time of emergency. 


To meet all needs we have acquired a new manufacturing plant and have further con- 
structed a new building to greatly increase our production facilities. While we can make 


no definite promises for the future in these uncertain times, we do know that today 


YOUR JOBBER HAS MOST AMPHENOL PARTS IN STOCK. 


eae ~ 








Army-Navy 
CONNECTORS 
and 
FITTINGS 


CO-AXIAL 
CABLES 


fete] | 5 
FORMS 


ow-Loss . 


INSULATORS 


Radio 
CONNECTORS 


Tube 
SOCKETS . 


Low-Loss 
{eo} ) 
SHEET 
and 
TUBE 
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38 The Ideal Source of Plate Voltage? 







Where Commercial Electri 


Power is not Available 


ibrapacks 


(TRADE MARK REG. U. S. PAT. OFFICE) 






Radio operators, engineers and public address mei 
everywhere have discovered that the most satis 
factory and economical answer to dependabl 
plate voltage from a storage battery source is: 
Maliory Vibrapack. This perfected Vibrator typ 
power supply is easy to use... efficient and gives 
long service. 


N EW ! . THE COMPLETE 
VIBRAPACK LINE 





Vibrapack VP-540, Designed for use as a complete “B” power 


unit for auto, airplane and marine service. May be used to operate Mallory Vibrapacks are available in both self. 
long-wave, broadcast-band, and short-wave receivers within its rectifying and tube-rectifying types. The complete 
Joad capabilities. Completely filtered for both RF and audio. . . di al ad dual Vi £ 

Universal mounting. Nominal input, 6.3 volts; output, 250 volts line includes single an ua Vibrapacks OF out: 
at 60 ma. Self-rectifying. List price, $20.00, puts up to 60 watts. Type VP-G556 is designed 


for operation with the 12 volt batteries commonly 
used in airplane, bus and boat service. Free engineering service in 
adapting the Vibrapack to your requirements is available on request. 











Nom- 








Send for Catalog Ga. Nominal Output eet 
TECHNICAL Number ating Voltage Output Type Price 
DATA ae Current 
pes Malte eg a VP-540 | 63] 250 60 ma. | Self-Rectifying |$20.00|| 


VP-551 
VP-552 
VP-553 
VP-554 
VP-555* 


descriptions of all 
Mallory Vibrapacks 
with application sug- 
gestions, technical 
data and instruc- 
tions, is available 
upon request. 


125-150-175-200 | 100 ma. | Self-Rectifying | 15.00]. 
225-250-275-300 | 100 ma. | Self-Rectifying | 18.50 
125-150-175-200 | 100 ma. | Tube-Rectifier | 16.50 
225-250-275-300 | 100 ma. | Tube-Rectifier | 26.00 
300 200 ma.| Tube-Rectifier | 37.50 











PY 


NNDDADADAD 
DNwwwwww 


Ad tv Webcasaek V.P-55:7* 3 | 400 150 ma.| Tube-Rectifier | 37.50 
Booklet Form VP-G556 | 12.6 | 225-250-275-300 | 100 ma.} Self-Rectifying | 20.00 
E-555-C. VP-F558 | 32. | 225-250-275-300 | 100 ma. | Tube-Rectifier | 20.00 















*Special Dual Packs for high output, 


MA LLORY MALLOR Transmitting Capacitors 


B Ch It’s worth a good bit to be confident of the reliability of your transmitter 
attery argers —to know that when you close the “big switch,” your rig is ready to 








deliver a T9X signal. It’s false economy to use “bargain” filter con- | 
densers since their failure can result in damage to expensive trans. 
mitter components. 

Mallory type TZ Transmitting Condensers are compact round-container | 
units for those who must watch their costs. 
They have all the essentials, and are built with 
true Mallory quality. Available in sizes to 2000 
working volts DC. 

If you prefer square containers, then Mallory 
TX transmitting condensers will fill your require- 
ments. Available in 21 stock sizes, with working 


Convenient charging of 
automobile, aircraft, 
boat, bus and stationary 
6 and 12 volt batteries is 
provided by Mallory 
Battery Chargers. Taper- 
ing effect provides rapid 
charge for low batteries, 
lower charge for full 
batteries. 












Available in four sizes: voltages from 600 volts to 6000 volts. Construct- 
Catalog Number — Charging Rate List Price ed with an exclusive dielectric that gives longer 
3C Booster 4-2 amperes $7.95 i é ili 
Soin Caves 4 one af on life and cemniy dependability ae : oman 
107 Charger ey canna $15.00 Transmitting apacitors are a real safeguard 
*125 Charger 5-3 amperes $22.50 for expensive rigs. 


*(for 12 volt storage batteries) 


WWE ReT-A A P.R. MALLORY &CO., Inc, 


APPROVED 





FORK IRE FINEST 






**Hamswiteh” 


Designed for economy and conve- 
nience, this Mallory Hamswitch No. 
1511, permits the use of a single meter 
to measure currents or voltages on up 
to and including five circuits in an 
amateur transmitter. An adjustable 
stop permits easy adaptation for 
fewer positions. 





~ SINGLE ¢ 
CIRCUIT SELECTOR 


Mallory Push Button switches are 
outstanding characteristics of this 
switch ...just one of many types 
available. 





a™M DWWEEUPERB De eo oe TE SD 





Multiple Push Button 


Mallory Type 2190 switches make it 
possible to measure a number of 
circuits with a single current read- 
ing meter. The insertion of the meter 
in the circuit is accomplished merely 
by pushing a button. Other circuits 
connected to the switch remain closed. 
and uninterrupted. 





_ SINGLE PUSH BUTTON 


Mallory Push Button switches are 
ideal for meter shunt service, as well 
as for set analyzers, tube checkers and 
other test equipment. Available in 
both locking and non-locking types 
with a variety of spring contact 
arrangements. 






LVR LB BAR ARS ODE 





“HamBan 
Mallory HamBand Switches m 
transmitter wave band switching 
convenient as changing bands 
your communications receiv 
Convenient terminal arrangeme 
wide spacing of current carrying pa 
heavily silverplated contacts and | 
loss magnesium silicate ceramic inst 
tion are features especially desig: 
for high-frequency applications. Y 
distributor has data sheet 









MULTI-GANG 
CIRCUIT SELECTOR 
Here’s the ideal answer to sim- 
plified control of complicated 
circuits. Positive action and 


long life are assured by rigid 
construction. 


FOR THE BEST IN RADIO HARDWARE...17s MALLORY. 


Mallory Two-way phone piug No. 
75N, with shielded nickel shell. Other 
types—three-way, tie cord, etc.—in 
both bakelite and nickel shells. 
Mallory Junior Jack No. 704—springs 
are parallel to panel for compactness 
—thirteen combinations available. 





Avoid run down batteries, or increased 
power bills by using Mallory Pilot 
Lights and Jewels as indicators. They 
will keep you “‘informed”’ at all times, 
and enhance the appearance of your 
rig. These real money savers are avail- 
able in red, green and white. 


SEND FOR COMPLETE CATALOG 


INDIANAPOLIS . 


.. INDIANA 


Use 


MALLOR 
Grid Bias Cells 


Minimum distortion, less hum and 
lower cost can be obtained with 
Mallory Grid Bias Cells. Write for 
Form B-303 which gives complete 
engineering data. 





MALLORY 


CABLE ADDRESS — PELMALLO 


APPROVED 
PRECISION PRODUCTS 
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DOES YOUR RADIO INSULATION 


MEASURE UP TO THESE “PYREX” STANDARDS? 


Low power loss .. . low surface conductivity 
. . « high electrical resistance . . . smooth, 
hard surface . . . resistance to corrosion .. . 
high strength-to-weight ratio! 


THESE properties are essential to satis- 'Oe 8 ] i, 

factory radio insulation. But that’s not all we Ne SP NY wes 

— PYREX ANTENNA INSULATORS: Top — 67007, | h 
they must be permanent and unchanged 3%”; center— 67017, 7¥4"; bottom — 67021, 1214", 

by age, elements, or energy impact. 


Use PYREX brand Radio Insulators and you 
get all these properties...at their best. 
For example: 





LOW LOSS FACTOR: Less than 2.0 at 740,000 cycles. 


LOW SURFACE CONDUCTIVITY: Almost negligible... 
10" ohms resistivity per sq. in. at 34% humidity; 101° ohms 
at 84% humidity. 


HIGH ELECTRICAL RESISTANCE: Volume resistivity 5 x 1014 
ohms per cubic in. at 22° C., uniform throughout. 





PYREX STANDOFF INSULATORS: Left — Nos. 67106 (3’’) 
eee d 67107 (7”), oval base. Right — Nos. 67108 (3”) and 
SPECIFIC GRAVITY: Only 2.23; hence, light in weight. S108 7", tectingolar bas. valk 


NON-POROUS, NON-CORROSIVE: No pores to pit; no 
added glaze to check or craze; surface and body are 
homogeneous. 


<+-—_,—CcC Clr Ose sas 


SHOCK-RESISTANT: Low expansion coefficient (.0000032 
between 19° C. and 350° C.) makes “Pyrex” Insulators in- 
different to heat shock and sudden temperature changes. 


Send for free folder or United catalog 
pages describing complete line of 
PYREX Radio Insulators. And at your 
local supply house, ask for PYREX In- 
sulators by name. 





“Pyrex” is a registered trade-mark and indicates manufacture by 
PYREX ENTERING INSULATORS: Lett — Amateur Type, Nos. 


| 
Corning Glass Works 
67104 (15), 67105 (20). Right — Amateur Type, Nos. 


INSULATION DIVISION @ CORNING, N. Y. 67115 (6-1/16” x 15”), 67116 (6-1/16” x 20”). 





PYREX WALL TUBE INSULATORS: Top — No. 67006, 6” long; center — 67012, 12’; bottem — 67015, 15”. 
«Aa A A I RE RT SRP EE RLY ILE ET EE OEP T EE 
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SELECTOR SWITCH 


Available in an almost infinite variety of 
combinations . . . in bakelite or steatite ... 
in single or multiple gang .. . from two 
to eleven positions on any one switch... 
also available for use in amateur transmitters. 


Hams, Servicemen, Experimenters and 
Manufacturers appreciate the utter de- 
pendability of Centralab products. Since 
1922 more than a hundred million radio 
parts bespeak the ‘universal acceptance. 
accorded Centralab products. Send for 
roF-Ut-V Cole Bb a golbt Bley olol-pmer-bebelola-itteye] bap cole 


CENTRALAB 


STANDARD RADIOHM A : 
Wall type resistor. Exclusive non-rubbing Div. oF parrot nat Inc. 


contact band. 13%” diameter x 9/16”" deep. 
Available single, twin or triple, plain or 
tapped... with S.P.S.T., D.P.S.T. or S.P.D.T. 







WIRE WOUND RADIOHMS 


In values from 2 to 10,000 ohms .. . insulated 
construction .. . 3 watts . . . universal shaft for 
all replacements...regular Radiohm switch covers 


Y, 
: : U 
may be attached . . . in linear curve only... LEVER ACTION 


SWITCH 


Used singly or in 
groups... for broad- 
casting, receiving, 
public address, test 
instruments and in- 
dustrial uses. Avail- 
able in any one of 





MIDGET RADIOHM ten different com- 
Cc : igh wnttaae o tes & ATTACHABLE SWITCH COVERS binations including 
ompanion to Slen Gare eiciee Biee ut For standard and wirewound resistors positive and spring 
large control efficiency. Available single, (Radiohms) as well as Midget and Elf return action. 
dual or triple... plain or one, two or three Radiohms ... «S:P8iT. ... « S:P:Dilk « «.« 
taps... with S.P.S.T., S.P.D.T., or D.P.S.T. D.PS.T . . . fourpeint . . . S.P.D.T. 
_ seaeeae ne (operates at clockwise position) and 
Moulded bakelite case, 1¥e"" diameter, 1/4 S.P.S.T. with Dummy Lug. 


metal shaft 336” long. 
AXIAL LEAD RESISTORS 


Body is insulated by inert ceramic jacket 
. proof against vibration and humidity 
. will withstand five times rated load 
without permanent change. In two sizes 
. . RMA coded... % watt at 44" x %" 
and 1 watt at 144". x 1”... Also supplied 
in conventional RADIAL LEAD Style... 
Yn, watt — 1 watt or 2 waitt. 





CERAMIC 
@°°e@ TRIMMER cio cnet neem 
mall ‘‘special purpose” for 






Pee aie : CONDENSER  h§. circuits where tempera- 

ELF RADIOHM {Ca where greater ture compensation, low pow- 

stabilitythanor- ey factor, or absolute per- 

Smaller but also features the long, = dinary types is Mmahenge areimpartant.1000 
straight resistor strip. Available plain required. Supplied with V.D.C. leak y Sis 

an ieoned suis SST mae neg. temp. coefficient of D.C, leakage resistance 

b BADR ES. wet Pawel, Switch .. . .006 MMF/MMF/C°. With or more than 10,000 meg. Pow- 
with or without dummy lug. Bake- without mounting brackets. er factor less than 1%. 


lite case 57/64’ diameter, 17/32" deep 


(less switch) 25/32" deep with switch, AAA SEND FOR CATALOG NO. 23 
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4300] 


MILLEN RADIO PRODUCTS are well designed MODERN PARTS for MODERN CIRCUITS, 
attractively packaged, moderately priced, and fully guaranteed. They have been de- 
signed with a view toward easy and practical application as well as efficient perform. 
ance. For instance, the terminals are located so as to provide shortest possible leads, 
mounting feet are designed for easy insertion of screws and socket contacts, so that the 
solder won’t run down inside them and make impossible the insertion of the tube, etc. 
Thus our slogan, “Designed for Application.” Our general catalog is available for the 
asking either from your favorite parts supply house or direct from the factory. 


(Prices subject to change without notice) 


11000, 12000, 13000, 14000 SERIES CONDENSERS 
#11,000 series has worm drive 








Code Capacity per side 
Maz. Min. 


11035 
11050 
11070 
13035 
13050 
13070 
14200 
14100 
14050 


MILLEN TYPE 


36 
51 
74 
35 
49.5 


NONO POM 
Nido bo tote 


ied 








Atr Gap 


Voltage 
Rating 


Net 
Price 





co 


Code 


12935 


12936 
12536 





idee 
CNONAOO 





NVENTIONAL SINGLE 


Capacity per section 
Min. 


Air Gap 


Finish on 
Plates 


Polished 


Plain 
Plain 
Plain 
Plain 
Plain 
Plain 


SECTION TYPE 








CONVENTIONAL DOUBLE SECTION TYPE 


Code 


Capacity per section 





Min. Max. 





12035 


6 
6 





Air Gap 








Finish on 
Plates 


Polished 


Plain 
Polished 
Plain 
Polished 
Plain 





Net 





24100 
24935 
25130 
26025 
2605( 
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Description 


Worm Drive Unit 

Drum Meter Dial-0-100 

154’’ Nickel Silver Inst. Dial-0-100 

344” Nickel Silver Inst. Dial-0-100 

Dial Lock 

Shaft Lock for 14’’ Shafts 

Vernier Drive Unit 

Shaft Bearing, 4” 

Neutralizing Condenser 0.7—4.3 

Neutralizing Condenser 0.5-13.5 

Neutralizing Condenser 1.5-8.5 

Neutralizing Condenser 3.4-14.6 

Neutralizing Condenser 2.8—9.1 

Steatite Ultra Midget 15 mmfd SS 

Steatite Ultra Midget 35 mmfd SS 

Steatite Ultra Midget 50 mmfd SS 

Steatite Ultra Midget 100 mmfd SS 

Steatite Ultra Midget 140 mmfd SS 

Steatite Ultra Midget 20 mmfd DS 

Steatite Ultra Midget 35 mmfd DS 

Steatite Ultra Midget 50 mmfd SS 

Steatite Ultra Midget 100 mmfd SS 

Steatite Ultra Midget 140 mmfd SS 

Steatite Ultra Midget 35 mmfd DS 

Steatite Midget 75 mmfd SS 

Steatite Midget 100 mmfd SS 

Steatite Midget 140 mmfd SS 

Steatite Midget 15 mmfd DS 

Steatite Midget 35 mmfd DS 

Steatite Midget 50 mmfd DS 

Steatite Dual Midget 75 mmfd per sec- 
tion SS 

Steatite Dual Midget 100 mmfd per sec- 
tion SS 

Steatite Dual Midget 25 mmfd per sec- 
tion DS 

Steatite Dual Midget 50 mmfd per sec- 
tion DS 

100 mmfd per section. Single spaced 

35 mmfd per section. Double spaced 

93-130 Air Padder 

3.2—25 Air Padder 

4-50 Air Padder 

4.3-76 Air Padder 

5-97 Air Padder 

6.5-140 Air Padder 

4.5-20 Air Padder 

5.5-36 Air Padder 

10 mmf Silver on Mica 

25 mmf Silver on Mica 

50 mmf Silver on Mica 

100 mmf Silver on Mica 





Net Price 








' 


Code 


27150 


Description 


150 mmf Silver on Mica 
30 mmfd Mica Padder 


Standoff, 4% x 13%, QuartzQ 
Standoff, % x 2%, QuartzQ 
Standoff, 34 x 2%, QuartzQ 
Standoff, 4 x 4%, QuartzQ 
Standoff, % x 1, Isolantite 
Standoff, 4 x Dz. Isolantite 
Standoff, 34 x 2, Isolantite 
Standoff, 34 x 3, Isolantite 


Cone, % x 4, Steatite 

Cone, 1 x 1, Steatite 

Cone, 11% x 1, Steatite 

Cone; 2 x 1, Steatite 

Cone, 3x 1 ‘V4, Steatite 

Steatite Bushing for 34’’ hole 
Steatite Bushing for ’’ hole 
Steatite Bushing for 4’’ hole 
Steatite Bushing for 34” hole 
Isolantite Thru-bushing, for 14”’ hole 
Steatite Bushing and Hardware 
Steatite Bushing and Hardware 
Isolantite Bushing 

Crystal Socket 

4 Prong Socket 

5 Prong Socket 

6 Prong Socket 

7 Prong, Large, Socket 

8 Prong, Octal, Socket 

Base Clamp for 807 etc. 

Acorn Socket, QuartzQ 

Aluminum Shield for 33008 

Socket for 991 etc. 

Shielded 10 MH receiving 

Universal 2.5 MH 

Universal 2.5 MH, less Standoff 
Commercial type 2.5 MH 

Universal air core Transmitting 
Amateur Band Iron Core 

General Purpose RFC 10 MH 
General Purpose RFC 25 MH 
General Purpose RFC 40 MH 
General Purpose RFC 85 MH 
Interruption Frequency Oscillator Coil 
Ceramic Plate Cap, 9/16” for 866 etc. 
Ceramic Plate Cap, 34’ for 807 etc. 
Black Bakelite Safety Terminal 

Four Terminal, Black Bakelite 

Five Terminal, Steatite 

Steatite Plates, Pr. 

Bracket 

Terminal Posts, Pr. 

Low Loss Mica Bakelite Safety Terminal 
Isolantite 3/16’’ O.D. Beads (Pk of 50) 
100 Beads, 5/16” dia., QuartzQ 
Truly Flexible Isolantite Coupling 
Conventional Coupling 

Solid Brass N.P. Coupling 

Universal Joint, Nan insulated Coupling 
Slide Action Coupling 

Midget Coil Plug 

Intermediate size coil plug 

Midget Coil Socket 

Intermediate size coil socket 

QuartzQ blank coil form and plug 


Midget coils for each 
band. Mounted on No. 40205 








Net Price 








Code 


43081 


45500 
46100 
47001 
47002 
47003 
47004 
55001 
58000 
77083 
77866 
77872 
79020 
79040 
79080 


32101 


32103 32100 32102 


Description Net Price 
\ plug. No. 1 at end of code means 
center link. No. 2, end link. 
QuartzQ coil form 134” dia. x 334’/ 
QuartzQ blank coil form and plug 


**100 watt”’ coils 
for each band. Mounted on 
No. 40305 plug. 


Swinging link and socket 
Coil Form, 1” dia. no p., low loss mica 
base Phenolic 
Coil Form, 1” dia. 4 p., low loss mica 
base Phenolic 
Coil Form, 1’ dia. 5 p., low loss mica 
base Phenolic 
Coil Form, 5%" dia., Steatite 
Coil Form, 1 , 
Coil Form, 
Coil Form, 
Coil Form, 
Coil Form, 34’ a QuartzQ 
Sheet, 3 x 814 x .1, QuartzQ 
Coil Dope. 2 0z., QuartzQ 
83" Hash Filter 250MA 
*866"’ Hash Filter 500MA 
“*872"" Hash Filter 
14me Band Wave Trap 
7mce Band Wave Trap 
3.5me Band Wave Trap 
1.7me Band Wave Trap 


'Atr Trimmed I, F. Trans 


456 Diode Air Core 
456 Interstage (1) Air Core 
456 Interstage (2) Air Core 
5000 Interstage (2) Air Core 
5000 Diode Air Core 
5000 FM Interstage Air Core 
5000 FM Dise Air Core 
1600 Interstage Iron Core 
1600 Diode Iron Core 
456 Diode Iron Core 
456 Interstage Iron Core 
1600 BFO Air Core 
456 BFO Air Core 
5000 BFO Air Core 


Mica Trimmed 1.F. Transs 


456 Diode Iron Core 
456 Interstage Iron Core 
5000 FM Interstage Air Core 
5000 FM Disc Alr Core 
Permeabdility Tuned I. F. Trans. 


456 Diode (2) 
456 Interstage (2) 
456 BFO 


DoDD 
oso 
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Triple Tuned I. F. Transs 
456 Diode 
456 Interstage 
Complete set of four Wavemeters, in case 


Range 2.8 to 9.7 mc. Wavemeter 
Range 9.0 to 28 mc. Wavemeter 
Range 26 to 65 mc. Wavemeter 
Range 50 to 140 Wavemeter 
Hetrofil 





PANELS 
F CHASSIS 
= CABINET 


FOR 


Amplifiers, P. A. Systems, Transmitters, “Transceivers 
Receivers, Jest Equipment, Special fobs. 


TAL PRODUCTS ORATION 
3262 — 49th STREET LONG ISLAND CITY 
Export Dept: 100 Varick St., New York, N. Y. 











WALTER H. CANDLER 
Originator of the famous CANDLER 
SYSTEM and founder of the Cand 
ler System Company. 


* 





RD sre ccee 


T. R. McELROY 
Official Champion Radio 
Speed 75.2 wpm., won at 
Code Tournament July 





Operator, 
Asheville 
2, 1939, says: 
“My skill and speed are the result of 
the exclusive, scientific training Walter 
Candler gave me. Practice is necessary, 
but without proper training to develop 


Concentration, Co-ordination and a 
keen Perceptive Sense, practice is of 
little value. One likely will practice 
the wrong way." 





JEAN HUDSON, W3BAK 
At the age of 9, after taking Candler 
code training, Jean won the cham- 
ponship in Class E, at Chicago World's 
air. 
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TRAINS YOU TO MEET NEW CODE SPEED. REQUIREMENTS 
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Obtain Your Amateur or Commer- 
cial License in % Usual Time With 


The New CANDLER System Training 


You Can Learn Code RIGHT, from the beginning as you will be 
using it on the air, or obtain your commercial license and qualify for a good 


job by taking CANDLER TRAINING in 
your own home, as McElroy, Jean Hudson, 
McDonald and many others have done and 
are doing. It is surprisingly easy and 
inexpensive. 


It takes more than merely the sending and 
receiving of code to become a skilled radio- 
telegraph operator. The New CANDLER 
SYSTEM teaches you quickly the tech- 
nique of Fast, Accurate telegraphing. 


LEARN AT HOME 


To Read Code at High Speeds 
Like You Read Print 


If you’ve practiced and practiced with any 
kind of practice set, but can’t get over the 
“hump” that seems to be your limit — don’t 
be discouraged. Thousands of skilled operators 
have had the same experience. Some thought 
they were dumb; others thought they weren’t 
“sifted.” But you should see those fellows to- 
day! They can send beautiful code and copy 
fast press 4 to 8 words behind without conscious 
effort or strain. Those fellows have Automatic 
Sound Consciousness — and they got it through 


CANDLER Training! 


No Expensive Practice Sets 


Needed for Candler Training 


Learning to Send and Receive Code Rapidly, 
skilfully is a Mental Process that requires Mind 
Training such as only CANDLER can give you. 
Practice of any kind without this Specialized 
Training is like trying to learn electricity with- 
out a knowledge of Ohm’s Law. CANDLER 
shows you the easy, interesting way to Speed, 
Skill, and that Amateur or Commercial License 
in half the usual time. 


CANDLER SYSTEM 


Box 928, Dept. HA-42 
DENVER. COLORADO 






L. R. McDONALD, W8CW 

At the Asheville Tournament copied 
75 wpm. McDonald says: ‘Without 
Candler scientific training and spe- 
cialized practice, I could never have 
made my record of 75 wpm. Candler 
fundamental training is necessary to 
speed and skill.”’ 


Champion Jean at the age of 14 
when she won the championship in 
Class B at the Asheville Code Tourna- 
ment. 


SEND FOR THIS FREE 


BOOK OF 
FACTS 


It gives you the 
story of thecham- 
pions and many : 
ae Ee ag 3 ‘S i] 
will help you. It ¢ She rs 
is FREE, a pos. RRA 
tal will bring it Radio Operators 
to you. No ob- : 
ligation. 











EXCLUSIVE 


FEATURES 


SPELL LONGER LIFE 
GREATER DEPENDABILITY 


KOOLOHM RESISTORS 


Built for Use at Full Wattage Ratings—Sprague Koolohm 
Resistors were designed by men who “didn’t know it couldn’? be 
done”—so they did it. Koolohms are made with wire that is ine 
sulated before it is wound with an exclusive 1000° C. heat-proof, 
moisture-proof material. This permits layer-wound construction; 
higher resistance in less space; faster heat dissipation; outstanding 
stability; extreme accuracy; greater protection, and facilitates 
production of non-inductive types that are truly non-inductive. 


SPRAGUE TRANSMITTING CONDENSERS 


Quadruply Protected—Sprague Transmitting Condensers are 
not wax-filled. They're both oil-filled and oil-impregnated the 
way high voltage units should be for real protection. Used ex- 
clusively is Spracol, the famous 500° flash protection oil-—and 
that isn’t all. Terminals are completely insulated from cans, and 
cans are automatically grounded through the mounting clamps, 
Moreover, you get a set of lifeguard Safety Caps for use on 
terminals with every Sprague Transmitting Condenser, Play safe— 
use Spraguesi 


SPRAGUE TC TUBULARS 


“Net a Failure in @ Million’’—The best-known by-pass con- 
densers in radio today—and they have been for many years past. 
They cost fittle—they do the job—they will nof let you down. 


SPRAGUE MICA CONDENSERS 


You’re Sure the Voltage is Right!—Each voltage has a dif- 
ferent colored label for quick, positive identification. Moreover, 
Sprague Micas are molded in moisture-proof, low-loss bakelite 
and the extremely high voltage units are sealed in non-hygro- 
scopic porcelain to insure greater stability, longer life. All shapes— 
all sizes—all voltages. 


Complete Sprague Catalog Free en Request 


UNCASED PAPER SECTIONS 
SAVE YOU MONEY 


Sprague Type UC cardboard style “un- 
cased" paper sections cost a whale of a 
fot less than standard high voltage con- 
densers—and you'll find they'll doa 
first-class job on practically any rig 
up fo 1,000 volts. Unexcelled for use 
wherever the call is for real economy 
and honest, fully-proved quality. 












Here’s @ Reason Why 


Eimac tubes are unconditionally 
guaranteed against premature 
failures caused by gas released 
internally. 





Plate dissipation 1s run up to ten times normal during the 
exclusive pumping process 


Tube elements are fabricated from Tantalum which has the 
lowest original gas content of any known metal. This rela- 
tively small original gas content is then completely removed 
by the patented Eimac pumping process which you see illus- 
trated in part above. During this process the plate dissipation 
is run up to ten times the normal ratings of the tube... and 
held there for hours . .. infinitely hotter than they will ever 
become in operation even under extreme circumstances. All 
Eimac tubes undergo this severe gruelling and they must 
pass 100% before they come to you. 

Long filament life, uniformity of characteristics, outstand- 
ing performance and complete freedom from failures caused 
by gas released internally are basic reasons why you should 
adopt Eimac tubes for your transmitter. These are the same 
reasons why most all the world’s leading engineers choose 
Eimac...and why practically every major airline and many 
of the most vital commercial and government transmitters 
throughout the world have Eimac tubes in the key sockets. 








Follow the leaders to 2 


More than 20 tube types. Get information 


EITEL-McCULLOUGH, INC. San Bruno, California NOW. Data sheets will be sent on request. 
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Ceramics-Cables-Antennas-Plugs -Jacks 


CABLES 


Twisted pair genuine EOI cable, 
weatherproof braid with mica 
finish, 2 No. 12 conductors, | 
KW capacity. 72 ohms surge 
impedance. 


Twisted pair No. 12 solid con- 
ductors and weatherproof braid 
overall. 100 ohms impedance. Ex- 
cellent for U.H.F. work. 


Twisted pair No. 16 stranded 
conductors, all-rubber weather- 
proof. 72 ohms impedance. For 
F.M., Telly and Transmission 
Lines, 


Rubber jacketed crystal. mike 
cable having low losses. Avail- 
able 3 sizes; .270 dia. and lapel 
types .175; .155 dia. 


Shielded rubber mike cables. 
Available in 2 to 7 conductors. 
Unshielded from 2 to 8 conduc- 
tors. All have tough rubber jack- 
et overall. 


Battery cables in 2 available 
types; cotton braid, overall 2 to 
12 conductors, tin shielded over- 
all, 2 to 10 conductors. 


Diathermy cables extremely flex- 
ible with special tough live rub- 
ber jacket. Good for all electro- 
therapy apparatus. 


AND MANY OTHERS 


SOCKETS 
mil 


50 watts, extra-heavy side-wiping 
phosphor-bronze. spring contacts. 
Glazed porcelain base, solid 
brass NP shell. 10 watt type also 
available. 


ER 


PE 
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EDTHRU INSULATORS 
=) | be 


“=e 


a i bg am 
—— TN S: i STEATITE 
AIRPLANE TYPE FEEDTHRU CORRUGATED BUTTON 


A large selection of feedthru insulators for all types of applications. Glazed 
low-absorption Porcelain, Steatite and Lucite provide a choice of insulation 
for standard and specialized uses. Insulators vary in height from 5%"' to 4!/2" 


and come in plain or jack tops. All are complete with solid brass hardware, 
nickel plated. 


CERAMIC STANDOFF INSULATORS 


STEATITE 
PILLAR STANDOFF 
A complete line of standoff insulators available in highly-vitrified, low absorp- 
tion, glazed Porcelain and Steatite. A standoff insulator for every standard 
and many specialized applications. Available in sizes from %%'' to 4!/2" high 
and with plain or jack tops. All are complete with solid brass hardware, nickel 
plated. 


METAL BASE 


HOVENYIE 


An unusually complete assortment of banana plugs and jacks ranging 
in size from "Giant" for diathermy and transmitter use to "Pee-Wee" 
for miniature portable use. Available in insulated and plain types, 
with soldered or solderless lead connections and with needle or round 
points. Complete with all solid brass hardware, nickel plated. 


PORTABLE DOUBLETS 
TELEVISION AND F. M. MODELS 


Completely adjustable for vertical or horizontal polariza- 
tion. 360° rotation. Matched EOI cable. Mounting insulator 
42" high. Adjustable arms have special tapered lock bush- 
ings. Impedance at center is 72 ohms. 


FREE 1942 CATALOG — SEE YOUR DEALER 


BIRNBACH RADIO CO. Inc. 
145 HUDSON STREET, NEW YORK, U.S.A 
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Th “490” 14 TUBES—5 BAND 

e Professional RECEIVER 

The finest professional type communication receiver built by Howard. 
Heavy duty construction throughout. Has two tuned R. F. stages, cali- 
brated band spread, air-tuned I. F. transformers, variable I. F. selectivity, 
temperature compensated oscillator, split stator tuning condensers, vari- 
able audio fidelity, automatic noise limiter and 8 watts of push-pull audio. 
Provides super sharp tuning or broad fidelity for superb reception of 
music. The Howard “490” is the result of years of engineering and 
development — the specifications tell their own performance story. 
Model ‘‘490'' — complete with crystal filter and tubes, $164 50 
Vesis) Speaker ss ses. caisiete snd g Wheres 6 wns Center sin ¥ eee MleKenw ae state * 

10” P. M. Howard-Jensen Speaker in separate matching cabinet........... $12.50 





HOWARD ‘'490"' 


ANNOUNCING THE NEW “445” — AC-DC RECEIVER — $36.75 


The efficiency of this completely new AC-DC receiver looks and operating characteristics to the famous 
is truly remarkable and its performance is fully equal Howard Model ‘435-A"', including the tuned R. F. 
to that of any standard AC set of equal calibre. Six of stage and band spread on all 4 bands tuning from 43 


the latest type tubes, with four of them doing dual MC to 550 KC continuously. An outstanding engineer- 
purpose duty, provide complete circuit balance and ing triumph and value. Comes complete with tubes and 
exceptional stability. Model 445" is identical in built-in 643” Howard-Jensen Electrodynamic Speaker. 


PROVIDES THE SAME FLAWLESS PERFORMANCE AS AN AC SET 





(Export and Pacific Coast Prices Slightly Higher) 








MODEL “‘435-A’’—7 TUBES. Designed for amateur communications and for short 
wave reception from all over the world. Incorporates every desirable basic feature. Tuned 
R.F. stage on all four bands, with 3 gang condenser, provides improved selectivity, better 
signal to noise and image ratios and increased sensitivity: Has electrical band spread, 
BFO with pitch control, AVC, iron core I.F. transformers, A.F. gain control, headphone 
jack and 64" Howard-Jensen Speaker. Has connection for battery operated Model 610 
Power-Pack. Can be converted to a higher performance receiver with the Progressive 
Series Plan. Cabinet finished in gray wrinkle enamel. Price complete with $36 75 
tubes and built-in speaker. oc... sg ceecb esis ce bah te niece eee wane esas eae . 


With ‘Carrier evel Meter icsc.csawe ce cncs Soiere cca ecsld Seed a eka aD weit s.s aire 





MODEL ‘'435-A"" 


MODEL ‘‘436-A’’—8 TUBES. All features of Model ''435-A" above are included 
in this sensitive 8 tube communication receiver, PLUS an efficient automatic noise 
limiter and the famous Howard Inertia Tuning Controls. The noise limiter provides 
a wider range of noise-free reception. Howard Inertia Knobs achieve fast ‘fly-wheel”’ 
tuning when “looking over the band’’ or slow, smooth adjustment for weak signals. 
May be converted at any time to Model “437-A''—9Q tube receiver. Price 

complete with tubes and built-in Howard-Jensen Speaker........-..... ve $41.75 


MODEL “‘437-A’’—9 TUBES. Incorporates all of the features of Models “435-A” 
and ‘436-A’’, PLUS an additional stage of I.F.and Crystal Phasing Control to eliminate 
unwanted signals when crystal is installed. The most modern of engineering improve- 
ments provide an exceptionally high degree of sensitivity, selectivity and stability. In 
addition to the controls used on Models ‘435-A" and ‘436-A”, the 437-A” has the 
Crystal Phasing Control, Crystal In-Out Switch and R.F. Gain Control. Copper plated 
welded steel cabinet, tuning range (540 KC to 43 MC) and basic construction is 
identical to Models “435-A’’ and “436-A’’. Model ‘‘437-A''— Complete $61 95 
with tubes and built-in 6%” Howard-Jensen Electrodynamic Speaker... . La 

With Crystal Filter installed... 2.2.0.0... . cece eee e erst ence cece cena eteesccnane $69.75 
With Carrier Level Meter as shown................-2eeeeeee GHW 6 lene ss ote $15.75 extra 


HOWARD RADIO COMPANY 2322). 300st55" 
! Cable Address: HOWARDCO, U.S.A. 









| [ake a load off your mind! 


ANOL CAPACITORS _. 


» PYR 





Hams, if space in your rig is at a premium, 
switch to compact G-E Pyranol capacitors. 
Pyranol,* in case you haven’t heard, is a 
noninflammable dielectric developed and 
patented by G.E. It has extraordinary 
insulating and dielectric qualities that result 





in small size and long life. 


They are being used all over the world, on the 
land, on the sea, and in the air. You can 
overload them as much as 10%. In short, 
they’re FB for your rig. Write for Bulletin 
GEA-2021B. 


RATINGS AND PRICES 
SMALL SIZE UNITS RECTANGULAR CASES CYLINDRICAL CASES 


Base 


Inverted 


Catalog | Net | Volts Mounting Mounting 





No. Price D-C 


Cat. Net 
No. Price 





600 


26F172 | $2.27 
26F 167 2.76 
26F 106 3.57 








26F 156 2.43 
26F 157 3.25 
26F 93 4.06 
26F 176 4.87 





26F 181 2.92 
26F 182 
26F 184 
26F 185 








26F 190 
26F 191 
26F 193 
26F 194 








26F 199 
26F 200 
26F 201 








26F 202 
26F 203 
26F 204 











26F 205 
26F 206 
26F 207 





*Reg. U.S. Pat. Off. 


HERMETICALLY SEALED UPRIGHT OR INVERTED MOUNTING 





26F 208 
20F 209 
26F 210 


COAecTF I1EECE BEFALTICE TLIEVWY LACT £MAICED 
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Put a wallop in your tig / 


Plenty of sock with plenty of saving—that’s 
what G-E tubes offer the amateur. Whether 
you are a low-power man who wants to step 
up a notch or a high-power man who wants 
greater flexibility in your rig, there are G-E 


G-E BEAM 
POWER 
TUBES 


MATTING TUBES 





tubes to do the trick. Ask your dealer for 
your copy of Bulletin GEA-3315, or write 
direct to General Electric Company, Radio 
and Television Department, Schenectady, 
New York. 


G-E MERCURY- 
VAPOR 
RECTIFIERS 

















Filament 
Amperes 











Max. Inverse 
Peak Plate 


150 | 150 Volts 











Driving Power, 


Watts* | : hed | 8 65 
225 | 225 | 225 


Average Plate 
Amps 











Peak Plate 


160 | 170 }170 | Amps 





PRICE 


* ICAS Ratings, Class C Telegraphy. 
7 CCS Ratings, Class C Telegraphy. 


GENERAL @ ELECTRIC 


61.50 |$9.00 |$11.00 





941-142-6000 
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Added facilities in another UTC plant 
now bring the size of UTC to thirty times. : 
that in 1933. This new plant assures & | 
continuance of UTC's fine delivery record: vary ett 
As an organi : 
ganization found 
hie unusually fine. A Sa ae research and design ing : 
e quali ous re enuity, t : 
ity and dependability of ene and development ae he UTC research laboratori 
solutions are handled b products. In addition gram is maintained to impr. 166 
y a competent staff of D customers’ problems a oe 
cs) application engineers an their 
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KEEPING 
"EM 
FLYING! 


Sure e+. We're still making relays for amateur 
radio as well as for countless other civilian needs 
--. but... 

Like other leading manufacturers, Dunco is 
placing national defense requirements wholeheart- 
edly first. From the air corps to the tank corps, 
throughout various other divisions of both army 
and navy, you'll find Dunco Relays specified for 
many of the most exacting jobs a relay can be 
called upon to perform. Duncos help, not only to 
“keep ’em flying,” but to keep ’em rolling, floating, 


STRUTHERS DUNN, INC., 1311 


DUNC 


@ In addition to a complete line of industrial types for standard as 
well as special requirements, Dunco offers a complete line of Relays 
for amateur radio and other communication uses. These include radio 
relays, time delay relays, midget keying relays, radio frequency 


CHERRY STREET, 
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shooting, bombing and many other things as well. 

Because of this tremendous demand, it isn’t al- 
ways possible to make civilian shipments as fast as 
we'd like to. However, we know we can count on 
your cooperation and understanding—just as we in 
turn want you to know that, at all times and under 
all conditions, you can count upon a continuance of 
the quality upon which the Dunco reputation has 
been based. Dunco means—and will continue to 
mean—dependability. 


PHILADELPHIA, PA. 


RELAYS 
TIMERS 


relays, vacuum tube relays and other types not illustrated here. Write 
for the new Dunco Catalog and Relay Data Book. Dunco engineers 
welcome the opportunity to cooperate in supplying suitable units for 
practically any application. 
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“*HQ-120-X" 
AMATEUR 
RECEIVER 


THE HAMMARLUND "HQ-120-X" meets the 

most critical demands of amateur and pro- 
fessional operators. Hammarlund engineers 
have gone beyond ordinary practice in design- 
ing this new and outstanding receiver. This 
ultra-modern 12-fube superheterodyne covers a 
continuous range of from 31 to .54 mc. (9.7 to 
555 meters) in six bands, taking in all impor- 
tant,amateur, communication, and broadcast 
channels. The "HQ-120-X” is not to be con- 
fused with modified broadcast sets. Two years 
were required to develop it. This is a special 
receiver with special parts throughout. Every 
wave range is individual—that is, each range 
has its own individual coil and a tuning con- 
denser of proper value for maximum efficiency; 
thus, including the broadcast band does not 
decrease efficiency at high frequencies. Be- 
sides having all the necessary features for per- 
fect short wave reception, such as A.V.C., beat 
oscillator, send-receive switch, phone jack and 
relay terminals, the '"HQ-120-X" also includes 
a new and outstanding crystal filter circuit 
which is variable in 6 steps from full band- 
width to razor edge selectivity. This permits the 





use of the crystal filter for the reception of both voice and music. It is no longer necessary 
to contend with serious heterodyne interference. These annoying disturbances can be 
phased out with the phasing control on the panel. Other features include drift compensa- 
tion for improved stability; a new and accurate "'S” meter circuit for measuring incoming 
signal strength; antenna compensator fo compensate for various antennas, and 310 de- 
grees band spread for each amateur band from 80 fo 10 meters. The band spread dial is 
calibrated in megacycles for each of these amateur bands. The main tuning dial is cali- 
brated in megacycles throughout the entire range of the receiver. Gray finish. Rack adapter 


$6.00 extra. Prices include Speaker and Tubes 


Net Price 
$168.00 


Speaker 


HQ-120-X 


Crystal 31—.54 mc. 10” P.M. Dyn. 


Speaker cabinet (metal) 121/”’ x 1214” x 7 inches 3.90 





Special model finished in black. ..........ccceecececcceseccecesces eeeee $168.00 Net 
Speaker Cabinet, black to match..........00.0ceeee8 wes 3.90 Net 


Send for Descriptive Booklet! 
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NEW 
** SUPER-PRO”’ 


HIS new 18-tube “SUPER-PRO” includes all 

the outstanding features which have made 
the "Super-Pro” famous, and in addition many 
recent developments have been added. The 
new “Super-Pro” has a variable selectivity 
crystal filter. This crystal filter has five positions 
of selectivity—3 for phone and 2 for CW. The 
variable crystal filter, in addition to the variable 
band width I.F., provides a selectivity range of 
from less than 100 cycles to approximately 16 
ke. The new "Super-Pro”’ also has an improved 
noise limiter designed to minimize interference 
caused by automobile ignition systems and dis- 
turbances of similar nature. Maximum image 
suppression is obtained with two stages of high 
selectivity tuned R.F. ahead of the first detector. 
Three stages of |.F. are employed and there are 
three stages of high fidelity audio amplification 
resulting in an output of approximately 14 


Net Price watts. A new and improved "'S” meter has been 


Tuning Range 





SP-210-X Crystal 10”” 


installed in the "Super-Pro” for accurately re- 


15—560 meters porting relative signal strength. Other features 


$318.00 





SP-210-SX Crystal 10”" 


include full band-spread on all bands; beat 
oscillator; send-receive switch; relay connec- 


71/4—240 meters 


318.00 





§P-220-X Crystal 12°" 


tions; phone connections; connections for 


15—560 meters phono-pickup; beautifully finished modernistic 


330.00 





SP-220-SX Crystal 127" 


cabinet. The sensitivity of the "Super-Pro” is 


330.00 better than 1 microvolt. Available in rack 


7V—240 meters 








10’’ speaker cabinet to match receiver 5.10 





Special Models Covering Other Wave Ranges Available On Order 


mounting type at $10.50 extra. 


Write for Circular! 

































































HAMMARLUND: 





An entirely new moderately 
priced, heavy duty trans- 
mitting condenser, featuring 
heavy aluminum end plate, 
Isolantite insulation, non- 
inductive, self-cleaning sil- 
ver plated beryllium con- 
facts, full floating rotor 
bearing, non-magnetic rotor 
assembly, polished heavy 
aluminum plates accurately 
spaced. All, except type "L,”’ have round edge plates of .040°" 
thickness. Type "L" has .025”’ plates with plain edges. Type ""F”’ 
has .230’’, 7500 V. air gap. Type "'G,” .200’’, 6750 V. Type “H,”’ 
-171°’, 6000 V. Type “'J,”” .100’’, 4250 V. Type ""K,” .084’’, 3750 V. 
Type "L,”’ .070’’, 2000 V. air gap. 


Available in a wide variety of capacities and working voltages, 
these condensers are ideal for modern up-to-date transmitters with 
power outputs ranging from 200 watts to 1 kw. 


Overall 
Type Capacity Length List 

TC-220-L 220 mmf. 

TC-440-L 465 mmf. 

TC-90-K 95 mmf. 

TC-165-K 167 mmf. 

TC-220-K 222 mmf. 

TC-330-K 335 mmf. 

TC-240-J 250 mmf. 

TC-25-H 23.5 mmf. 

TC-50-H 53 mmf. 

TC-110-H 115 mmf. 

TC-40-G 46 mmf. 

TC-65-G 75 mmf. 

TC-100-G 110 mmf. < 
TC-150-G 165 mmf. WO Bsc eisce-s escipwcnsmresesasi ver 14.80 
TC-55-F 60 mmf. SY Gieesaiccnre s arajerbeveisie-siesorsis 8.00 





These split-stator trans- 
mitting condensers are 
identical to the singles 
shown above, except that 
the stator sections are 
individual. Ideal for push- 
pull power amplifiers 
ranging in power up to 
1 kw. They are of convenient size and lend themselves to construc- 
tion of compact apparatus. Overall dimensions in back of panel are 
given in the accompanying table. The capacity values listed are for 
each section. The last letter in the code represents plate spacing and 
voltage rating. These are identical to those given above. Type "M"— 
plain plates, .030”’ air gap. 





Type Capacity 
TCD-500-M 490 mmf. 
TCD-80-L 90 mmf. 
TCD-210-L 215 mmf. 
TCD-90-K 95 mmf. 
TCD-165-K 167 mmf. 
TCD-325-K 335 mmf. 
TCD-240-J 250 mmf. 
TCD-50-H 53 mmf. 
TCD-110-H 115 mmf. 
TCD-40-G 46 mmf. 
TCD-75-G 85 mmf. 
TCD-55-F 60 mmf. 








Improved neutralizing condensers with 
heavy polished aluminum plates. 
Rounded edges. Isolantite. Fine adjust- 
ng screw. Positive lock. Horizontal 
adjustment. Type "N-10"', 25/2’” high x 
136” deep. “"N-15" 456’" high x 31/o”” 
deep. "N-20", 546’ high x 4” deep. 


Code List 
N-10—(2.1—10 mmf.)........65 $4.60 
N-15—(3.2—14 mmf.).........+ 8.70 


N-20—(3.8—14 mmf.)........+ 9.30 











& 
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“MTC” TRANSMITTING CONDENSERS 


Compact types, Isolantite 
insulation. Base or panel 
mounting. Polished alumi- 
num plates. Stainless steel 
shaft. Size of 150 mmf. with 
-070’’ plate spacing only 
45/2." behind panel. All 
type "B"” condensers have 
round edge plates .025” in 
thickness. Type "C” has 
plain edge plates .025’’ 
thick. Self-cleaning wiping 
contact. 





Code Capacity 
MTC-20-B 
MTC-35-B 
MTC-50-B 
MTC-100-B 
MTC-150-B 
MTC-50-C 
MTC-100-C 
MTC-150-C 
MTC-250-C 
MTC-350-C 





“MTCD” SPLIT- 
STATOR TYPES 


Same outstanding features 
as MITC singles except that 
_ Stator sections are separate. 
Model 100-B with .070” 
plate spacing, only 53/4’ 
behind panel. "B"’ models 
—rounded plates "C” mod- 
els—plain plate edges. 





Code Capacity List 
MTCD-20-B 22 mmf. per sect...........eececcccces $5.60 
MTCD-35-B SZ mmf, Per SOCliiisccciccwmwoesie cca vs -- 6.00 
MTCD-50-B 50 mmf. 

MTCD-100-B 100 mnf. 
MTCD-50-C 46 mmf. 
MTCD-100-C 105 mmf. 
MTCD-150-C 150 mmf. 
MTCD-250-C 255 mmf. 








A NEW LINE OF TRANSMITTING 
AND RECEIVING 
CONDENSERS 


The new HFA and HFB re- 
ceiving and transmitting 
condensers are the latest in 
condenser design. The HFB 
transmitting condenser, for 
example, has fully insulated 
rotor and control shaft per- 
mitting higher operating 
voltage for a given plate 
spacing. This new design 
results in more compact and 
efficient condenser con- 
struction and the insulated 
control shaft reduces the 
danger of electric shock to 
the operator. The HFB's are 
made in both dual and sin- 
gle stator types and in alf 
important capacities. 

The HFA receiving con- 
denser is a sturdier midget 
3 condenser intended for use 
jnnond in portable and aviation 

equipment where conditions 
of operations demand a better and more solid condenser. These, foo, 
are available in a wide variety of size with both single and dual 
stators. All types, both HFA and HFB are of 100% soldered con- 
struction with brass plates, cadmium plated. Isolantite end plates. 











Send for Latest Catalog! 





confidence q Sometimes a man must rely upon his natural 
instinct alone — as when the first robin pours his melody _ 
upon the frosty. morning air. One KNOWS: then that 
Spring is is on the way. 


In the same way, there are many men who know instinc- 
tively that a transformer with the Kenyon Trade Mark 
upon it can be relied upon today just as Kenyon Trans- 
formers have been reliable for over twenty years. 


KENYON TRANSFORMER CO., Inc. 


840 BARRY STREET e NEW YORK, N. Y. 
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PRECISION-BUILT 


Meissner PRODUCTS 


the choice of discriminating Amateurs 
for dependable performance! 


ALWAYS UP-TO-DATE 


Meissner equipment, as exemplified by the two items de- 
scribed on this page, is always in step with the times! 
Meissner Engineers are constantly working to develop 
new products to meet the ever-increasing demand for 
advancement in the art. The soundly-engineered Trans- 
ceiver below is a recent result of such effort. At the same SONAL 
time, products already established are receiving continual 
study for improvement. Witness the new parallax-proof 
vernier dial on the Signal Shifter at the right—an in- 
strument that might well have rested on its laurels! 


DESIGNED FOR “ASSOCIATION” 


Meissner Amateur Equipment is designed first for PER- 
FORMANCE—but APPEARANCE is also given very 
careful consideration! Wherever possible, panel designs 
and finishes are uniform, adding a definite element of 
“ASSOCIATION” so necessary to the Amateur who takes 
pride in the professional appearance of his equipment! 





SIGNAL SHIFTER 


The standard ECO—accepted as such thruout the 

Other puseaied pes hohe pe change _ of 
operating frequency, directly from the operating 

AMATEUR position; link coupled to any transmitter. Ability 
PRODUCTS to operate on ANY frequency in any band gives 
great latitude in avoiding QRM and placing the 
signal where it will do the most good. Absolutely 





SIGNA L SPOTTER stable; gives crystal performance on all frequencies; 
Crystal Oscillator voltage regulated and temperature compensated. 

alee . pa he Complete with tubes. 

MCL Model 9-1058 Net Price $52.25 





5 & 10-m. Converter 
UNI-SIGNA L 
SELECTOR ee 
Audio Output Filter 
epititio Output Fite INSTRUCTION MANUAL 
Antenna Matching 


Unit New Edition! Contains detailed 
SIGNAL instructions, schematics and pic- 
CA LIBRATOR torial diagrams on all kits and 


complete units in the line. Many 
additional pages of charts, tables 
and useful data for the experi- 
menter. Articles on F-M, E-C-O 
and Coil Design; 168 pages 844” 
by 11”; available at your distri- 
butor or write direct. 


Only 50c Net 


Frequency Standard 
TRAFFIC SCOUT 
9-tube Receiver 
TRAFFIC MASTER 
14-tube Receiver 
CRYSTAL OVEN 
Temperature Control 
CRYSTAL FILTER 
Complete Unit 
B-F OSCILLATOR 
Complete Unit 












244-METER TRANSCEIVER 


A powerful portable instrument for Amateur, 
Commercial or Military use! Features TRLE- 
SCOPING SELF CONTAINED vertical antenna; 
superregenerative circuit with SEPARATE 
QUENCH OSCILLATOR; rear STORAGE COMPART- 















































MENT for mike and phones; non-critical circuit NOISE SILENCER WRITE TODAY FOR 

operates on ‘‘B’’ supply of from 90 to 180 volts; Adapter Unit 

rugwedly built for Commercial or eg serv- WAVE TRAPS FREE COMPLETE CATALOG 

ce; entirely stable — easy to tune; and, most it ~ 

unique of all, a DUAL microphone input channel RELAYS y 7 ) ‘ . Vy “] sy is 

for either CRYSTAL or CARBON mike! Only 11” CHOKES Every Amateur and Experimenter : needs this 

wide, 12” high and 614” deep. Furnished com- INSU LATORS complete guide describing and _ illustrating 

eS eo ee ee CONDENSERS over 600 Meissner Precision-Built Products; 

SWITCHES Friis Said ae Fre ails a: ge 4 
Medel 9100 — Priva on Aiplcaton 1-F TRANS- no obligation w hatsoever, just ask for your 
FORMERS copy—a postal card will do! 






Address Department Q-42 





MT. CARMEL 
es hed 
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JUST A FEW OF THE MANY JOHNSON STOCK PARTS. VARIATIONS 
OR SPECIAL PARTS AVAILABLE IN QUANTITY ON SPECIAL ORDER. 
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National Defense demands perfect 
coordination of every effort from 
major diplomatic policies to minor 
mechanical details. Radio com- 
munication is one of the most vital 
links in this coordinating effort. 
Government agencies, Broadcast 
Stations, Manufacturers and exact- 
ing Amateurs are demanding 
Johnson Parts because years of ex- 
perience has proven their mechan- 


ical and electrical superiority. 


Condensers — Inductors — Tube 
Sockets — Plugs and Jacks — In- 
sulators — Copper Tubing — Con- 
centric Line — Flexible Concentric 
Cable — can be obtained through 
any Authorized Johnson Jobber. 


ASK FOR A COPY OF CATALOG 967M. 


E. F. JOHNSON CO. 


WASECA, MINNESOTA 


EXPORT: 25 WARREN ST., NEW YORK, \. Y. 
“MANUFACTURERS OF RADLO TRANSMITTING EQUIPMENT” 


LAMMAIRUN TUBE) 


eveloped in the Gammatron 
™ plant the new types 454, 854 and 1054 have 
454 | copper to glass seals and special plate, grid 
250 W. : and filament design to give a new high in 
UHF performance. Other features: ability to — 
stand high. plate voltages, complete protec- 
tion against failure through overloads and 
extra long life. 

Fourteen years of pioneering and experience 
854 in tantalum tubes are built into this complete 
eh tia line covering a power range of 50 to 5000 
watts. Also available are variations of these 

types and high vacuum tantalum rectifiers. 
The Gammatron engineers responsible for 
these developments will be glad to help with 


_your special problems. 








TYPE NO. 24 | 54 |152L| 158 | 254 | 257*| 304L | 354C | 354E | 454L | 454H) 654 | 854L | 854H/1054L| 1554 |2054A) 3054 





MAX. POWER OUTPUT: 
Class "0! FF. cc ccswes vcenwe 90 250 610 200 500 230 1220 | 615 615 900 900 1400 | 1800 | 1820 | 3000 | 3600 


PLATE DISSIPATION: ® 
WANS) 25 scescs cscs eee 25 50 150 50 100 75 300 150 150 250 250 300 450 450 750 1000 1500 
a 
AVERAGE BERLINER TION 

FACTOR G01 uns. os | 2 27 10 25 25 10 14 35 14 30 22 14 30 13.5 14.5 ] 
































2 

MAX. RATINGS: 
Plate Volts)... isc sis maces oe 2000 | 3000 | 3000 | 2000 | 4000 | 4000 | 3000 | 4000 | 4000 | 5000 | 5000 | 4000 | 6000 | 6000 | 6000 | 5000 | 3000 | 5000 
Plate M.A. garedtetadels 75 150 500 200 225 150 1000 300 300 375 375 600 600 600 1000 | 1000 800 | 200 
Grid MLA. ies «5s as £3 25 30 75 40 40 25 150 60 70 60 85 100 80 110 125 250 200 500 
























MAX. FREQUENCY, Mc.: 
Power Amplifier............ 175 100 
PUREE ES Dobe CAP: 
CGP Othe cos tan esau « is A x 7 fi i 4 5 15 
C g—f u. rer ce R y K . . H . 8 8 5 
C p—f u. fai ore aes i R ‘ R i 9 “ . . 0.5 0.8 25 


FILAMENT: 
VOUS), 5 .0:isa eee ee ee ane S 5 x . A 4 ‘A 
AID OT OS ssiissscsitpees sestetngs aes daa a i 4 a 17.5 45 






















—hw 
2a 


PHYSICAL: : 
Length, Inches...:........... 18 211% | 3% 
Diameter, Inches 2 2 5 5 i 6 9 
Weight, Oxs. oissriceistaccseedorcisves 6 9 7 if 





*Beam Pentode. 








13.50 | 27.50 | 65.00 | 24.50 | 24.50 
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Learn Code the EASY Way 


Beginners, Amateurs and Ex- 

perts alike recommend the 

INSTRUCTOGRAPH, to learn code 
and increase speed. 


Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex- 
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 


Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen- 
tary, words, messages, plain language and 
coded groups. Also an “Airways” series for 
those interested in Aviation. 


MAY BE PURCHASED OR RENTED | 
The INSTRUCTOGRAPH is made in sev- 


eral models to suit your purse and all may 
be purchased on convenient monthly pay- 
ments if desired. These machines may also 
be rented on very reasonable terms and. if 
when renting should you decide to buy the 
equipment the first three months rental 
may be applied in full on the: purchase 
price. : 


ACQUIRING THE CODE 


It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to “Acquire 
the Code,” or, in other words, learn teleg- 
raphy, either wire or wireless. The In- 
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 


BOOK OF INSTRUCTIONS 


Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph’s “‘Book of 
Instructions” does. It supplies the remain- 
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few “short cuts’” known to experi- 
enced operators, that so materially assists 
in acquiring the code in the quickest pos- 
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 








MACHINES FOR RENT OR SALE 


She Snstructograph 


ACCOMPLISHES THESE PURPOSES: 


FIRST: It teaches you to receive telegraph symbols, 
words and messages. 


SECOND: It teaches you to send perfectly. 


THIRD: It increases your speed of sending and 
receiving after you have learned the code. 


With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 


Postal Cad 


WILL BRING FULL PARTICULARS 
IMMEDIATELY 


THE INSTRUCTOGRAPH CO. 


4707 SHERIDAN ROAD 


CHICAGO, ILLINOIS 
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FOR NATIONAL DEFENSE 
PROTECT WITH QUALITY 


Engineers Do Not Guess—They Know! Pro- 
tect amateur rigs with the same high quality 
built into Solar Capacitors for the Armed 
Service Branches of the Government. 


DRY ELECTROLYTIC CAPACITORS 
WET ELECTROLYTIC CAPACITORS 
PAPER CAPACITORS 
MICA CAPACITORS 
CAPACITOR ANALYZERS 


SOLAR MFG. CORP. BAYONNE, N. J. 


Inc. 
all 


Equipment PEORIA 


ENGINEERS 


IMPROVING YOUR HOME STATION 
OUR NEW LITERATURE IS AVAILABLE 

Fine RADIO MFG 
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TIME WILL TELL 


BUT WE 
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The B & W LINE BECOMES 





HLH In fulfilling the exacting communications require- 
% = ments of Democracy’s armed forces, it is only 

logical that leading manufacturers should place a 
steadily increasing demand upon B & W for Vari- 
able Air Condensers and Air Inductors. For, not only does 
B & W equipment meet the unusually rigid specifications 
.. . equally important, this equipment has proved its dependa- 
bility in actual service time and again on the battle fronts of 
Europe. We are proud of this record of performance, and we 
consider it both an honor and a privilege during these trying 
times to work to the full limits of our ability in supplying all of 
the B & W materials we may be called upon to make for defense. 
Although this may mean some delays in supplying materials 
for our many friends in amateur radio, we know you will under- 
stand. We know we can count on your continued loyalty just 
as we want you to know you can count on ours, even though the 
greater loyalty we all owe to National Defense must necessarily 
come first. 





@ The B & W Type CX Variable Air Condenser, illustrated above, is the practical basis ‘or a sym- 
metrical amplifier tank circuit. A great improvement over ordinary variable air condensers, its 
heavy end plates and improved construction assure maximum efficiency in a compact unit only 
half the length of most conventional dual condensers. Built-in neutralizers and built-in coil mounting 
are optional features. Stock types are available in 0.500” and 0.250” plate spacing. 


B & W VARIABLE AIR CONDENSERS 
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geoely, Although quite a few Defense specifications call 
mY 2 for special units or assemblies, the majority of 
eae these orders call for the same B & W units which 


have become standard with hams throughout the 
world — and for the same reasons! Ruggedness, versatility, 
compactness, economy, and all-around dependability under 
the most exacting conditions of use — these are the qualities 
which have made B & W products famous in times of peace — 
and they are the qualities which remain foremost in B & W 
products today. We're hurrying to meet the greatly increased 
demand — but we won't be slipshod. We’re short of some ma- 
terials — but we won't skimp. We’re faced with our share of the 
difficult problems confronting most manufacturers today — 
but we’re not going to let them get us down. Wherever and 
whenever you use a B & W product — whether in your amateur 
shack or on duty with the armed forces of Democracy — you 
can count on it for faithful, dependable performance! 


BARKER & WILLIAMSON, Ardmore, Penna. 


@ B & Wlow-power inductors, such as the 75-watt B & W JUNIOR illustrated above, are the last word 
for limited-space jobs. One of the most popular B & W coils, the JUNIORS far surpass, both in rugged- \ 
ness and efficiency, most of the larger, more bulky coils of comparable rating. They head an il- 
lustrious family—from the big, heavy-duty 1-kw. Type HDVL thru a long list of Air Inductors in a 
wide variety of sizes and ratings—a coil for practically every conceivable inductance application! 


B & W AIR INDUCTORS 
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DUMMY ANTENNA 
RESISTORS 


To check R. F. power, deter- 
mine transmission line losses, 
check line to antenna imped- 
ance match. Helps tune up to 
peak efficiency. Non-inductive, 
non-capacitive, constant in re- 
sistance. 100 and 250 watt sizes 
in various resistances. 


PARASITIC 
SUPPRESSOR 


Small, light, compact non-in- 
ductive resistor and choke, de- 
signed to prevent u.h.f. para- 
sitic oscillations which occur in 
the plate and grid leads of 
push-pull and parallel tube cir- 
cuits. Only 134” long overall 
and 5” in diameter. 


R. F. PLATE CHOKES 


High frequency solenoid 
chokes designed to avoid fun- 
damental or harmonic reso- 
nance in the amateur bands. 
Single-layer wound on low 
power factor steatite cores, with 
moisture-proof coating. Built to 
carry 1000 M.A. 5 stock sizes 
from 21/4 meters to 160 meters. 





R. F. POWER LINE 
CHOKES 


/ Keep R.F. currents 
from going out over 
the power line and 
causing interference with radio 
receivers. Also used at receivers 
to stop incoming R.F. interfer- 
ence, 3 stock sizes, rated at 5, 
10 and 20 amperes. 













BROWN DEVIL 
RESISTORS 


Small, extra sturdy, wire wound 
vitreous enameled resistors for 
voltage dropping, bias units, 
bleeders, etc. Proved right in 
amateur and commercial in- 
stallations the world over. 10 
and 20 watt sizes in resistances 
up to 100,000 ohms. 


CENTER-TAPPED 
RESISTORS 


For use across tube filaments 
to provide an electrical center 
for the grid and plate returns. 
Center tap accurate to plus or 
minus 1%. Wirewatt (1 watt) 
and Brown Devil (10 watt) 
units, in resistances from 10 to 
200 ohms. 


ADJUSTABLE 
DIVIDOHMS 


» You can quickly adjust 
these handy Dividohms 
to the exact resistance 
you want, or put on one 
or more taps wherever needed. 
7 sizes from 10 to 200 watts. 
Many resistance values up to 
100,000 ohms. 









FIXED RESISTORS 


Resistance wire is 
wound over a porce- 
lain core, permanent- 
ly locked in place, in- 
sulated and protected by Ohm- 
ite vitreous enamel. Available 
in 25, 50, 100, 160 and 200 
watt stock sizes, in resistances 
from 1 to 250,000 ohms. 


be Kightuith OH MITE 


RHEOSTATS x RESISTORS w» CHOKES x TAP SWITCHES 


Ohmite Vitreous Enamel is unexcelled es a protective and bonding covering for resistors and rheostats. 





—- 


CLOSE-CONTROL 
RHEOSTATS 


Keep power tube fila- 
ments at rated value for 
efficiency and long tube 
life. All ceramic vitreous 
enameled. Available in 
25, 50, 75, 100, 150, 
225, 300, 500, 750 and 
1000 watt sizes, for all tubes 
and transmitters. (Under- 
writer’s Laboratories Listed.) 





erformance on the job quickly 
proves how much these Ohm- 
ite Units can really help you 
get the utmost efficiency from 
your rig. They’re all veterans 
of service in amateur, com- 
mercial and defense commu- 
nications. They’ve got what it takes to give 
you that extra measure of dependability 
when you need it most. That’s why they are 
being used today more than ever in radio, 
electronic and industrial applications. 

Besides the units shown here, there are 
Ohmite Non-Inductive Vitreous Enameled 
Resistors, Riteohm Precision Resistors, 
Hermetically-Glass Sealed Resistors, Di- 
rection-Indicator Rheostats, Attenuators, 
and many others. 








OHMITE Rheostats*Resistors«Chokes«Switches 





BAND-CHANGE 
SWITCH 


For convenient control of rigs 
up to 1 K.W. Wide spacing 
and all ceramic insulation make 
it popular for meter switching 
and other high voltage applica- 
tions, 


Ohmite 
Ohm’s 
Law Calculator 





Solves any Ohm’s Law problem with one 
setting of the slide. All values are direct 
reading. No slide rule knowledge is neces- 
sary. Scales on two sides cover the range of 
currents, resistances, wattages and voltages 
commonly used in radio and commercial 
work. Size only 44%” x 9”. Send only 10c 
in coin to cover handling cost. 


AVAILABLE FROM AUTHORIZED DISTRIBUTORS EVERYWHERE 





HIGH- CURRENT 
TAP SWITCHES 


Compact, all ceramic, multi- 
point rotary selectors for 
A.C. use. Silver to silver con- 
tacts. Rated at 10, 15, 25, 50 
and 100 amperes with any 
number of taps up to 11, 12, 
12, 12, and 8 respectively. 
Single or tandem assemblies. 








LC-2 LINK CONTROL 


Simplified, compact, convenient 
panel regulation of the transfer 
of R.F. energy thru the link 
or low impedance line used in 
many transmitters. Eliminates 
swinging coupling coils. All 
ceramic vitreous enameled con- 
struction. 


SEND FOR FREE CATALOG 18 Gives complete information—lists hundreds of stock 
values available from your Jobber. Write for your free copy of Catalog 18 today, 


OHMITE MANUFACTURING COMPANY 
4834 Flournoy Street, Chicago, U.S.A. Cable ‘“Ohmiteco” 








MMU : 
NICATION’S MOST EXACTING APPLICATIONS 


Whether 
4 ‘© you want a Mid 
air et tu . 
air saciee tube for ae gee Mee - HF experimentation on an : 
ee above all, each tube senteien spree RCA makes it The RCA. rig or a giant, 
roved time and agai sents the utmost i ‘ ine is c 

: again on radio’ itmost in long, trouble- omplete 

invest in experience—not Soe SSOUgNESE jobs. When ‘ BG won s ee ogre as 
you 


4 TRANSMITTING 
j TUBES 
i No. 
; Type HALF. 
801-A —_Triode Max. Input —_ Net Price pti MERCURY-VAPOR RECTIFIERS 
802 Pentod 42 Watts $3 No, F lax. Peak Max. Avera 
~ e ey 43 B16 averse Voltage Plate Current 
504 Pentode 3 ans 3,50 866-A 866 5,000 Volts le Current Net Price 
Pentode 50 Waits 28.50 872 10,000 Volts -125 a. $1.00 
805 Triode 150 Watts* 15.00 872-A 7,500 Volts ri 1.50 
no Triede Aca 13.50 10,000 Volts 1125 a. 4202 
#08 Triede ya Wane a 36 No. TELEVISION TUBES = 
809 Triede 200 Watts maps 3AP4/906P4 a" cain N. 
ate Triede 100 Waitts* 2.50 Serayieozea 54 Kineseepe $1375 
: 1 Triede 620 Watts® 13.50 oy eg BO2P4 5" Kineeco ge (Short Bulk} 22.00 
2 Mew ewer: 30 Arma enscoe es 
: 3.50 CAT . 
B15 UHF T. 360 Watt N HODE-RAY TU 
i s ; 0. BES 
$25 dade sched 75 Woits* e oe 3AP1/906P1 5” Geno he 
826 WarGieds’ aoe eee 34. oe "| Green Phosphor « et Price 
828 ace 125 Watts ee 913 2"; Green Phosphor $13.30 
gs Triede 270 Watts* ee reen Phosphor ‘aie 
1623 UHF Triede sgh he aN ott’: UHF ACORN TUBES 
: bs bg 12, 4 escriptio 
( Ho Beam 100 Watts* aio 955 pentege: Amplifier, Detector Net Price 
628 UHF Trivde 54 Watts 3.50 956 Ponted Detector, Oscillator $5.00 
8000 Triode 50 Waits 957 le. Super-Control Am 3.00 
300 32.00 9 Triode. Low-d Ee 5 
t Beam 620 Watts* 13.50 Se Triode. Low — ciamant 3.00 
aeas Triede S00 Watts 27,50 Pentede. Low-drain flame 3.00 
3 De Luxe Triode s36 oe 12.00 in filament 5.00 
+ICAS Rating atts* 7.00 aan oe 
eseriptio 
9002 ceniode Ame ined Detector Net Prive 
9003 Pent i Detector, Oscillator $2.30 
jade, Super-Control Amplifier rs 


PUBLICATIONS and ENGINEERING DATA 


RCA 
Designed to keep you technically upe-to-the-minule 


G TUBES—Covers all RCA air-coo 
Net price, 2! 


RCA GUIDE FOR TRANSMITTIN ; 
circuits and much important new construction data. 
edia covering 333 different 


RC-14 RECEIVING TUBE MANUAL—A yirtual, encyclop 
receiving tubes. Contains 256 pages including a new 38-page supplement. | 
Net price, 25¢ 





° 
es 





— An invaluable engineering reference manual on 
cathode-ray, television and special purpose tubes 
g Section, RCA, Harri- 


HB-3 ALL TYPES TUBE HANDBOOK 
te Commercial Engineerin 


all RCA transmitting, receiving, 

Sold on subscription basis — wr! 

son, New Jersey- 

RCA HAM TIPS—The RCA periodical published exclusively for the amateur. Newsy, 

instructive and helpful. Ask your distributor for copies. FREE ON REQUEST 
udes salient characteristics, connections and 

i FREE ON REQUEST 


1275-B RECEIVING TUBE FOLDER—Incl Jj 
‘ndex of all RCA Receiving Tubes. 
of phototube 


special classification 10 
RCA PHOTOTUBE BOOKLET— Designed to give a clear understanding > 
theory and operation. Net price, 10¢ 
These little booklets give full details on any individual 
FREE ON REQUEST 


INSTRUCTION BOOKLETS— 
RCA Transmitting of Sp 


; TT-100 TRANSMITTING _TUBE 
4 typical operating conditions O 


ecial- Purpose ‘Tube type. 


FOLDER — Shows at a & 
f all RCA Transmitting an 


lance maximum ratings and 


d Special-Purpose Tubes. 
FREE ON REQUEST 


3 pnp A few 
—— + ae | ey 
= 
Ramrmix er nee 4 Pt rrent se 
= Be eek wale 
= 
5-1 mob 





TUBULAR VERTICAL ANTENNAS 


Probably the most enviable reputation for dependable, efficient performance under 
the most severe conditions has been earned by Premax Tubular Telescoping Vertical 
Antennas which are in wide use in amateur, commercial and defense services. Made 
in three styles, Premax Verticals furnish the answer to practically all antenna 
problems. 


MONEL ANTENNAS—LESS INSULATOR 


Premax Monel Antennas are for marine and other commercial uses where high 
strength, unusual resistance to corrosion and ability to withstand severe wind and 
shock strains are essential. Built up of multiple sections of hard-drawn Monel tubing, 
fully telescoping and adjustable. 












Ext. Col. Base Top 

No. Length Length O.D. O.D. 
MM-313 = 13'1” 6’ 9" -625" 4897 
MM-419 19/112" 6/9" 750" 489" 
MM-425 24'10%2"" 6/9" 875" .489” 
MM-430 30’ 0” 6'9" =1,.063" .489"" 
MM-435 35’'0%2" 7’ 8" 1.063" .489” 
USM-525 25'0” TU6"- 1,063" 625” 
USM-325 25'0” 9-0", ‘Uasl2t 750" 


BASE INSULATOR TYPE 2 — Light de- 
sign for antennas up to 18’ high or greater 


complete. 
No. 1P-24 
; No. 1P-26 
Base Wt. List 
LD. Each Price No. 1P-30 
555” 2% lbs. $45.00 No. 1P-44 
666" 5 Ibs. 65.00 No. 1P-45 
777" 8 \bs. 90.00 
935" 13 Ibs. 115.00 
935” 15 Ibs. 125.00 
932” 12 Ibs. 110.00 
1.146” 30 Ibs. 200.00 


ALUMINUM ANTENNAS—LESS INSULATOR 


Combining light weight, corrosion resistance and strength, Aluminum Antennas meet 
the most exacting requirements. Sections are of special drawn bright finish seamless 
aluminum, to withstand wind velocities up to 60 m.p.h. 






corrosion and extremely strong 
mercial installations. 


Ext. Col. 
No. Length Length 
112-M Lhe" 6! 1! 
318-M VFS" 6° 2" 
224-M 22/9" 6! 3" 
130-M 287 3!" 6/4” 
136-M aa" Of. 6! 5” 


Base 
O.D. 
656" 











Ext. Col. Base Top 

No. Length Length O.D. O.D. 
AM-106 6’ 3" 6’ 3" lee las" 
AM-312 12° 2" 6" 3” -000" 125!" 
AM-518 18? Wer 6a 790" 125!" 
AM-124 = 23'8%2" 6/3” 1.000” .125” 
AM-230 29’ 2” 603" | 1-312 125” 
AM-336 34/ 8” 6’ 3” 1.625" 125% 
AM-017 VZC6Y 17" 6” 969” 500” 
AM-035 34/9” 18’0” 2.000” .500” 


STEEL ANTENNAS—LESS 


Premax Steel Antennas, heavily plated in bright cadmium, are highly resistant to 
. For vertical radiators, home receivers and com- {7% 


Top 
O.D. 
.500/’ 
.500” 
.500” 
.500” 


.500” 


LEME 














BASE INSULATOR TYPE 1 — Heavy, 
wet-process, brown-glaze porcelain held 
in compression between hot-galvanized 
malleable cast iron castings. Tested com- 
pression rating up to 10,000 Ibs. Height 
to top 7’, bolt circle 5%4’’ 


3/4" 


13/16” post 
15/16” post 


1 3/8” 


1 13/32” post 


length if properly guyed or supported with 
stand-off insulators. Brown-glaze porcelain 
with top and base supports cemented into 
insulator; metal parts galvanized. Porcelain 
diameter 344’; height to top -of porcelain 


wt. 7 Ibs. 





List $18.00 


post 
List 18.00 
List 18.00 
post List 18.00 
List 18.00 


1 except 
essity of 


B Wt. List 

ID. Fach Price 6”; diameter flange 3%’’; wt. 4 Ibs. 

oe Ya Ib. $5.00 No. 2P-24 3/4" post 

334” 1%lbs. 10.00 e ee 

584" 3 Ibs. 20.00 

-810" = ea rica BASE INSULATOR TYPE 6 — For ship- 
ee 1 2 ee eo Ga — or bahia ei mobile truck 

689" 5 Ibs. 40.00 mountings. imilar to _Type 
1.732" 19 Ibs. 100.00 lead-thru§ design avoids nec 

extra holes, bushings, etc. 6” flanges 

INSULATORS with 6 bolt holes on 5” circle; center stud 


Base 
1.D. 
906" 
775" 
963” 
1.150” 
1.400” 





NTS 


for 2’ to 3” decks; total height above 


deck 412’’; wt. 11 Ibs. in hot-galvanized 


or solid bronze. 








Wt. List 

Each Price No. 

4\bs. $5.50 6P-24 3/4” post List 

a4 hae +4 i 6P-26 13/16” post List 
s. : 6P-30 15/16” post Li 

ane . Vee 6P-44 13 8" Past ts 
a © 6P-45 113/32” post List 


CORULITE E 
_ Aribbed style of great strength for horizontal mountings — light and rigid. Tubular 
units that are fully telescoping and adjustable, 
Ext. Col. Base Top Wt. List 
No. Length Length O.D. O.D. Sec. Each Price, pair 
104-M A&0" 4’ 0" 625" 2625" 1 Tt db. $3.00 | 
108-M BY2!" TE 3750" 3625!" 2 2 Ibs. 6.00 | 
113-M Ae Ariel’ 875! - 625" 3 3Y Ibs. 10.00 
618-M 1710" S73" 1.000" .625” 4 5% Ibs. 14.00 


















POLICE 
STYLE 
A 


(Sold Only in Pairs with Premax “Hairpin” Tuning Bar) 





PREMAX POLICE ANTENNAS \ 


Premax Police Antennas for police and com- 
mercial applications are of solid steel of high 
carbon content, heat-treated and oil-tempered. 
Rods of varying diameters, cold-drawn to rigidly 
held tolerances, are joined securely and perma- 
nently into a single graduated length, providing 
high flexibility, minimum wind resistance and 
indefinite life. A .001’’ cadmium plate finish 


insures adequate corrosion protection. Available 












No. 
5D-24 
5D-40 

i 5D-56 
/ \ 
{ =) 
eZ 
Type NA. Fits 
Style A Rod. 


in Style A base (illustrated) or Style B with eve 
7/16" threaded stud complete with hexagon Type R. 3S-20 
nuts and lock washers. Send for special Bulletin oe P, 38-24 
on Police Antenna and Mountings. “= cage 
LIST PRICES ANTENNA RODS ONLY WITHOUT MOUNTINGS STEEL 35-34 
Style A—Steel Style B—Steel Style A—Stainless Style B—Stainless 35-40 
Lgth. No. List No. List No. List No. List 35-42 
72/" AC-172 = $2.50 = BC-172, Ss $3.25 = AS-172,S $5.50 = BS-172 =~ $6.25 3S-48 
78’’  AC-178 2.75 — BC-178 3.50  AS-178 6.00 BS-178 6.75 
84” AC-184 3.00 BC-184. 3.75 AS-184 «6.50» BS-184. 7.25 38-52 
90’’ — AC-190 3.25  BC-190 4.00 AS-190 7.00  BS-190 7.75 
96’ AC-196 3.50  BC-196 4.25 AS-196 7.50  BS-196 8.25 


DECK BUSHING — Of 
porcelain cemented into hot galvanized 
malleable flange which bolts through rub- 
ber gasket to deck. Provides additional 
support for antenna in lieu of guying. 


Total Above 
1.D. Length Deck 
EAd 6” 3” 
1 Vu 8” AU" 
1 lr BY” AV!’ 


INSULATORS TYPE 3— Heavy duty 
for stand-off support or in pairs for com- 
plete mounting. 


Galvanized 


fittings attached to threaded studs ce- 
mented in brown-glaze porcelain, 3’’ in 
diameter. Height to top of porcelain 3’’. 
Wt. 2 Ibs. 


Fits Tube 
O.D. 


1/2” 
5/8” 
3/4" 
7/8" 

1” 

11/16" 

1 tar 

15/16” 

1472 

15/8” 


These were fair list prices at time of publication, but, due to conditions beyond control, are 
subject to change without notice. Get complete Catalog R-42 from your jobber or write direct. 


Galv. 

$25.00 
25.00 
25.00 
25.00 
25.00 


brown-glaze 





List 
List 
List 
List 
List 


Bronze 
$45.00 
45.00 
45.00 
45.00 
45.00 


Flange List 

Diam. Weight — Each 
4” 2 Ibs. $8.00 
4" 3% Ibs. 11.00 
S¥%” 42 lbs. 14.00 


or brass 


List Each 
Galv. Pol. Brass 
$5.00 $7.50 
5.00 7.50 
5.00 7.50 
5.00 7.50 
5.00 8.00 
5.00 8.00 
5.00 9.00 
5.00 9.00 
5.00 10,00 
5.00 10,00 


(Type 4 with clamp top and bottom can be supplied. 
Ask for prices.) 














IDEKAAAY PRL) 


DIVISION CHISHOLM-RYDER 3, 


INC. 


Model EC-I. Six tubes. Three bands covering 
from 550 kc. to 30 me. Electrical bandspread 
on all bands. Beat frequency oscillator. Self- 
contained PM dynamic speaker. AC/DC op- 
eration — 115/125 volts. Good selectivity and 
exceptional sensitivity. Every necessary fea- 
ture for tiptop communications performances. 


Model EC-1, $24.50 


Model EC-4, Nine Tubes. 4 bands cover 
545 kc. to 30.5 me. 2 loop aerials, turn in- 
dependently of each other. Controls are: 
main tuning, bandspread, volume, power, 
BFO on-off switch, ANL on-off switch, 
standby switch. Self-contained PM speaker, 
bandspread logging scale provided for log- 
ging stations. Operates on I115 volts, 
AC/DC or batteries. Approximate weight, 
91/5 lbs. with batteries. Cabinet dimensions 
934’ high, 614’ wide, 5’’ deep. Model 
EC-4, $49.50 


































Model EC-3. Ten tubes. Crystal 
filter (four position variable selec- 
tivity); calibrated bandspread; au- 
tomatic noise limiter; preselection 
on all bands; two stage IF ampli- 
fier; fly-wheel tuning; separate 6”’ 
PM speaker; CW monitor; 3 bands 
cover 550 kc. to 30 mc. Electrical 
bandspread. Operates on 115 volts 
AC/DC. Model EC-3, $59.50 
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_Announcing A NEW MASTER 








There is only one way to learn to 
receive the code signals and that 
is by listening to the signals. 
There is only one way to learn to 
send the signals properly and 
that is being able to see and 
hear your own signals. 


With Master Teleplex you learn 
the code in the natural, easy, 
fascinating way. There is no 
guesswork because you actually 
see and hear what you are 
doing! 


Learning to send PROPERLY is more 
difficult than learning to receive. Most 
people think sending is easy. Well, 
just ask the fellow who tries to receive it! 


TELEPLEX! 


A Revolutionary New 
Instrument Brought to 
You by TELEPLEX — 
The Name Synonymous 
with Code Success. 


NO PERFORATIONS 
NO INK 


A Marvel of 
Simplicity ! 


Master the Code with 
MASTER TELEPLEX 


MASTER TELEPLEX will 
exactly how you make the characters, 
and then it will show you how to make 
them correctly! 


show you 


Many national defense units are 
using Master Teleplex. All of 
those of the selective draft age 
should prepare themselves as 
much and as quickly as possible 
to render technical service. 
Radio telegraphy rates high in 
importance in every phase of 
national security! 


National Defense units 
should write for full particulars of our 


special trial offer. 


Responsible 


Catalogue QB explains fully the many interesting-and fascinating features of 
Master Teleplex. Just send a post card asking for catalogue QB. No obligation 


TELEPLEX COMPANY 


107 HUDSON STREET 
JERSEY CITY = N. J. 
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You GAIN in many ways when you specify 
ALSIMac insulation. In the first place, by 
using ALSIMAG the manufacturer has the 
choice of many steatite ceramic compositions, 
each having definitely determined physical 
characteristics. Thus ALSrMac is “right” for 
the application. 


Next, ALSrMac insulation is almost always 
custom-made in the size, shape and form 
required for the application. A_ perfectly 
adapted custom-made insulation requires the 
least possible amount of space, lowers the cost 
of assembly and frequently eliminates much 
extra material that would be required to mount 
and house a larger than necessary insulator. 


Thus the demand for higher efficiency with 
compactness is ably met by ALSIMac. 


A new Property Chart giving the exact phys- 
ical characteristics of the more frequently used 
ALSIMac compositions will be sent you on 
request. 


This advertisement is one of a series 
designed to give you a better under- 
standing of the advantages of AlSiMag 
insulation. It is not a solicitation of 
business. Custom made AlSiMag is 
sold direct to the manufacturers. 








COSTS NO MORE/ 


You pay no more for Raytheon’s 
extra quality. That is why amateurs and 
VW industry are buying Raytheon RK Tubes 
for long, trouble free operating life. 


SRAYTH 























FILAMENT RATED VOLTAGES POWER | DRIy- MAX. Amateur 
PI . |Pl. Di -Net 
Pare (| Cone Volts | Amps. — Plate | Grid saem Sone Peet Output |POWER BEIGHT Price TYPE 














25w Sow | 5.2w | 69 


RK-12, | Triode 6.3 | 3.0 | Thor. | {Osc RF Amp. | 750 |—100 %6” | $2.50] RK-12 


Class B Mod. 750 | 0 25w | 100w* | 3.4w* 
: Osc. R-F Amp. 1250 |—100} 300 0 40w 64w | 1.6w 
RK-20A R-F Pentode 7.5 | 3.25 | Thor. | 4 Osc. R-F Amp. 1250 |—100| 300 +45 | 40w 84w | L.éw 834” 15.00 | RK-20A 
Supp. Mod. Phone | 1250 |—100) 300 —45 40w 2lw | 1.5w 

Osc. R-F Amp. 500 |—90 | 200 0 10w 18w 
































































0. 
RK-23 R-F Pentode 25 | 20 | K |JOse.R-F Amp. | 500|-90} 200 | +45 | 10w | 22w | O.5w | 534” 4.50 | RK-23 
Supp. Mod. Phone | 500 |—90 | 200 —45 10w 6.0w | 0.5w 
RK-24 Triode 2.0 | 0.12 | Oxide | 5 Meter Osc. 180 |—45 1.bw 2.0w | 0.5w 4346” 2.25 | RK-24 
RK-25 R-F Pentode 6.3 | 0.9 | K | CHARACTERISTICS SAME AS RK-23 SHOWN ABOVE 534” 3.95 | RK-25 
Osc.R-F Amp. | 2000 |—100) 400 ® | 125w | 200w | 1.6w 
RK-28A | R-FPentode | 10.0 | 5.0 | Thor. |/Ose.R-F Amp. | 2000 |—100/ 400 | +45 | 125w | 250w | 1.6w | 834” | 2850 | RK-28A 
aoe Phone Fay xg 400 —45 un sd a 
P -F Amp. 12: — Ww Ww IW 
RK-31 Triode 7.5 | 3.0 | Thor. Class Be Mo 4. 1250 | 0 40w Is0ws tan 834” 10.00 | RK-31 
- Osc. R-F Amp. 300 |—36 10w* w* | 1.8w* ” 
RK-34 Dual Triode 6.3 | 0.8 K Class B. Me L 00 “5 Iw ive Ow 5346 3.50 | RK-34 
i Osc. R-F Amp. —l Ww Ww w ” 
RK-37 Triode 7.5 | 4.0 Thor. Class B. Mod. 1250 |—35 ‘sw 2 Taw 6 6.95 | RK-37 
x : Osc. R-F Amp. 2000 |—200 Iw Ww Iw 154! 
mE | thats 5.0 | 8.0 | Thor. | {Class B. Mod. | 2000 |—52 100w | 330w* | 5.8we | 27246” | 13.50) RK-38 
rK39 | foam type | 63] 09 | K | Ose. RF Amp. | 600 |—90| 300 25w | 36w | 038W | 534” | 3.50] RK.39 
RK-43 Dual Triode 1.5 12 | Oxide | Ose. R-F Amp. 135 |—20 1.25w* | 0.2w* | 4” ~ 1.50 | RK-43 
Rk.47 | Beam Type | 10.0 | 3.25 | Thor. | Osc.R-FAmp. | 1250 |—70 | 300 sow | 120w | 1.0w | 834” | 17.50 | RK-47 
Beam Type Ose. R-F Amp. | 2008 |—100) 400 100w | 250w | 10w | es rv 
RK-48A | R-FTetrode | 100 | 5.0 | Thor. | tChassB.R-F Amp. | 2000 |—35 | 400 100w | 60w | 0-227 | 874” | 27.50 | RK-48A 
RK.49 | Beam Type =| 63] 0.9 | K | Osc.R-FAmp. | 400 |—50| 250 2iw | 25w | O2w | 536” 1.25 | RK-49 
RK-51 Triode 7.5 | 3.75 | Thor. | Ose.R-F Amp. | 1500 |—250 6 170w Iw wv 6.95 | RK-51 
- Osc. R-F Amp. 1500 |—120 Ww Ww Ww ” 
ee 75 | 3.75 | Thor. | {Class B. Mod. | 1250] 0 62.5w | 250w* | 7.5we |! 6.95 | RK-52 
RK-56 aight 6.3 | 0.55 | K | Osc. R-F Amp. 300 |—40 | 300 8w | 125w | Olw | 5346” 3.00 | RK-56 
57 F Ose. R-F Amp. | 1500 |—105 125w | 2i5w | 8.5w | eve 57 
RK | Triode 10.0 | 3.25 | Thor. | | Ose Ket ian fae lis oan | sree | zone | 8248 13.50 | RK-7 
: «1. | { Ose. R-F Amp. 500 |—60 I5w* | 32w* | L3w* | e3cn 
RK-59 Dual Triode 6.3 | 1.0 | Oxide | {Ore R Mod. 500 |—17 ibwe | 30w* | OOws | 2-4 4.50 | RK-59 
' HIGH VACUUM —61 VOLT DROP —750 V. R.M.S. PER ANODE. eh 
RK-60 Full W. Rect. | 5.0] 3.0 | Oxide ty tua, OUTBIT CREWE 534 2.75 | RK-60 
RK-62 Gas Triode 1.4 | 0.05 | Oxide | Det.-Thyratron | 45 | | | | . - ‘6 4” 3.50 | RK-62 
i . Osc. R-F Amp. 3000 |—200 200w Ww Ww 114 6" fF 
BES. | nee 0) 10.0 | Thor. | {Class B. Mod. | 3000 |—60 200w -| 80w | Isw | 4%" | 2200) RK-63 
RK-63A |  Triode 6.3 | 14.0 | Thor. CHARACTERISTICS SAME AS RK-63 SHOWN ABOVE 91146” | 22.00-| RK-63A 
RK-64 R-F Pentode 6.3 | 0.5 | Oxide| Osc. R-F Amp. 300 |-30| 100 | +30 | 6w | lOw | 0.18w | 5442” 3.50 | RK-64 
RK-65 Tetrode 5.0 | 14.0 | Thor. | Osc.R-F Amp. | 3000 |—100/ 400 | — | 215 510 | 6 834” 34.50 | RK-65 
RK-66 Beam Type 6.3 | 1.5 | Oxide | Osc.R-F Amp. 600 |-60 | 300 | — 30 40 | 05 | 534” 3.50 | RK-66 
RK-807 Beam Type 6.3 | 0.9 K Osc. R-F Amp. 600 |—50 | 250 | — 25 37.5 | 0.22 | 534” 3.50 | RK-807 
Le Pentode 6.3 | 0.45 K Television Amp. 300 |—2 150 334” 2.10 — 
866A : MERCURY VAPOR MAX. INVERSE PEAK 10,000 V. eee 866A 
966 Half W. Reet. 2.5 | 5.0 Oxide PEAK CURRENT 1.0 AMP. 6946 1.50 566 
: MERCURY VAPOR MAX. INVERSE PEAK 10,000 V. 
872A Half W. Rect. | 5.0 | 10.0 | Oxide PEAK CURRENT &.0 AMP. gig” 11.00 872A 











*Indicates Value for Two Tubes or Twe Sections of Dual Types 


RAYTHEON PRODUCTION CORP. 


NEWTON, MASS. 


CHICAGO NEW YORK 
LOS ANGELES ATLANTA 


WORLD'S LARGEST EXCLUSIVE RADIO TUBE MANUFACTURERS 





re the Sewiie of the Nation / 












| | | | i | \ X Shure Communications Mi- 
ay | | crophones Are Part of a 

mh } 2 Great Line of Microphones 
J 1 | ae | av for Every Purpose. 


They give you the power, the efficiency, the clear, clean speech 








signals you want--plus other important Shure-engineered fea- 
tures that insure dependable day-in and day-out performance. 
That’s why Shure Microphones are used today more than ever 
in Police, Amateur, Commercial and Defense Communications, 


as well as in Broadcasting, Recording and Public Address. 


Voice Unidyne 
Model 55AV 
Shure Pat. No. 2,237,298 











Gives you all the advan- 
tages of special voice response, cardioid performance and dynamic rug- 
j gedness. Dead at rear. Picks up speech more distinctly — stops 

| noise pick-up. Makes break-in "phone easy. Ideal for outdoor of 

indoor use. High output. 25 ft. cable and cable connector. 

















Model 55AV. For 35-50 ohm circuits. List Price . $47.00 
Model 55BV. For 200-250 ohm circuits. List Price » oo» - $49.50 
Model 55CV. High impedance. List Price ue $49.50 


| : This high efficiency speech model 


is dead at rear — keeps room noise and echoes off the air — cuts Uniplex Model 730S 
thru static — makes break-in phone easy. R. F. filter protects Sh 
re Pat. Nos. 
| against burnouts. Moisture-proofed Grafoil Bimorph Crystal. High 
| output level (33 db below 1 volt for 10 bar speech signal). 7 2,198,424, 2,237,298 
ft. cable and cable connector. 


| Model 730SH. Without desk mount. List Price $35.50 
Mode! 7308. With desk mount, List Price $39.00 
| In this modern communications 


microphone you get deluxe features at surprisingly low cost. 
High efficiency speech characteristic and high output level 
(29.7 db below 1 vole for 10 bar speech signal). Cuts thru 
noise and static. R.F. filter. Moisture-proofed Grafoil Bimorph 
Crystal. 7 ft. cable and cable connector. 

Medel 708SH. Without desk mount, Lise Price $19.50 
Model 7088S. With desk mount. List Price $23.00 


Stratoliner 
Model 708S 







For years, a standout ’round 
the world. Very high output level (26 db below 1 volt for 
10 bar speech signal) Assures clear, crisp speech — cuts 
noise and static. 7 ft. cable and cable connector. 

Model 70STH. Withoue desk mount. Lise Price $22.50 
Model 70ST. With desk mount. List Price $26.00 





Super-Level 
Shure quality at lowest cost. Smooth Model 70ST 

frequency response. High output. Bimorph Crystal, 
mechanically isolated. Iridescent Gray finish with highly 
polished plating on front grille. Spring cable protector. 


Model 707A. With 7 fc. cable. Lise Price... . . .$12.50 
Model 707A-25FT. Same with 25 ft. cable. 
List Price ; oe $14.00 


Lighe, 
compact, Fits comfortably in the 
palm of the hand. Takes mini- 
mum space in portable equip- 
ment. Excellent frequency re- 
sponse and high output level. 
“On-Off” switch, Removable 
suspension hook. 7 ft. cable. 

' Model 750B. List Price $25.00 
) Military-type Carbon Microphones also available 
on special order. 


FREE 


Send for Complete 
Catalog 153H 


Shure Patents Pending 
Crystal Microphones }i- 
censed under patents of 
the Brush Developmens 
Company. 


Available from Authorized 
Distributors Everywhere. 











Model 707A 





SHURE BROTHERS + “Microphone Headquarters” » 225 W. Huron St. * Chicago, U.S.A. ° Cable: Shuremicro 
Designers and Manufacturers of Microphones, Pickups, Cutters and other Acoustic Devices 
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Model 300 A — Har- 
monic Wave An- 
alyzer — Measures 
individual com- 
ponents of complex 
waves from 30 c.p.s. 
to 16,000 c.p.s. 








Series 200 Resistance Tuned Oscillators — Consists of 
hp. Resistance Tuned Oscillator only. Available in cabinet 
or for relay rack mounting in models A, B, C and D, covering 
frequency range from 7 c.p.s. to 200 ke. 


Laboratory J Instruments . : 
FOR SPEED AND ACCURACY No, 205 AG Audio Signal Generator — Combines 


a Resistance tuned oscillator having 5 watts output 
and less than 1% distortion, plus Output meter, Input 
meter, Attenuator and an impedance matching sys- 


—hp- Instruments are the result of long research in a well equipped tem; . allid’a single unit 


laboratory and have been thoroughly tested in all types of serv- 
ice. Of outstanding merit is the new resistance tuned audio oscil- 
lator, which has many advantages. In brief, it is a stabilized 
amplifier with regeneration supplied through a frequency selective 
resistance capacity network. The oscillation frequency is stable 
and the thermal drift extremely low. Furthermore, the thermal drift 
is not magnified as is the case with the beat frequency oscillator. 
A balancing circuit automatically selects the proper operating 
point for the oscillator. The result...a stable oscillator having 
constant output and very low distortion. boss 





Other —hp-— instruments include these designed for measuring 
wave form: The Harmonic Wave Analyzer, and Distortion An- 
alyzers. Selectivity of the Wave Analyzer can be varied over a 
wide range by means of a unique selective amplifier. Accuracy, 3208 for measuring 50, 100, 400, 1000, 5000 and 7500 
flexibility, stability and extreme ease of operation make it a great c.p.s. 

saver of time in both laboratory and production work. 


Model 320 Series Distortion Analyzers — For 
studying and measuring harmonic distortion in AF 
apparatus. Shows character of distortion being meas- 
ured. 320A for measuring at 400 c.p.s. or 5000 c.p.s 


—-hp- Vacuum Tube Voltmeter has a voltage range from .03 volts 
to 300 volts. The response of the meter is constant from 10 c.p.s. to 
1,000,000 c.p.s. Measurements with this instrument are particularly 
accurate because the indication is proportional to the average 
value of the full wave ... thus waveform errors are reduced. 


WRITE FOR COMPLETE DETAILS 
AND TECHNICAL DATA 


You'll profit many ways by investigating the 
outstanding merif of —hp= Laboratory in- 
struments. There’s no obligation, of course. 


HEWLETT PACKARD COMPANY 


480 Page Mill Road Palo Alto, California, U.S.A. 


BOSE. GY aes a 


Model 400A Vacuum Tube Volt- »> 
meter — See brief description at left 





ou 






SERIES M 
COMPOSITION 
ELEMENT 


sd 































SERIES 58 
WIRE- 
WOUND 


FLAT-TYPE 
REENOCHM 







Yes indeed, it pays to follow the example of your 


Midget composition-element Type M 
controls are the very last word in this 
type. Ad-A-Switch feature. Noise 
positively minimized. High degree of 
immunity to humidity and climatic 
conditions. Stable resistance values 
over longest service life. 1000 ohms 
to 5 megohms. Choice of tapers. 


Greenohms are now found in most 
commercial “rigs,’’ oscillographs, fine 
laboratory apparatus, etc. These in- 
organic, cement-coated power resis- 
tors are the toughest things available. 


For distortionless control of loud- 
speaker volume and similar critical 
applications, Clarostat offers Series 
CIA 25-watt and CIB 10-watt constant- 


Uncle Sam, the communication companies, leading 
equipment builders and others who must know what's 
what in components: Let Clarostat solve your resistance 
problem! 


Clarostat has the necessary choice of standard types to 
meet every “Sham” need. That’s vital. No makeshifts, 
here. Then Clarostat controls and resistors have the 
reputation for performance and life. Can’t overlook that 
fact. Lastly, Clarostat standard types are mass-produced 
to meet popular demand. That’s why they’re easy on 
your pocketbook. For instance: 


% Clarostat wire-wound Series 58 
controls are the same as supplied to 
leading broadcasters, networks, Gov- 
ernment, etc. 1 to 100,000 ohms. 
Ad-A-Switch. Dual and triple types, 
too. %& Clarostat Power Rheostats are 
brutes for punishment. 25-watt rat- 
ing. 


Conventional round type with sliding 
band contact, 10 to 200 watts, all 
standard resistance values. Also new 
flat type, particularily Series Z non- 
inductive, for use in fight spots. 


impedance output attenuators, in 8, 
15, 50, 200, 250 and 500 ohms. Also 
wide choice of L-pads, T-pads, 
Faders, Mixers, etc. 


He carries a line of standard Clarostat items for your convenience. He can get in 
a hurry the more special types you may require. Ask him for our latest literature 
—or write us direct. Be sure to try a Clarostat the next time! You'll be surprised. 


BROOKLYN, NE 
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iQueridos Senores! 
we 


“THE RADIO AMATEUR’S HANDBOOK” se 
puede ahora conseguir en lengua espanola traducido 
por la Revista Telegrafica de Buenos Aires, Argen- 
tina, reconocida como la mas antigua establecida y la 
mas importante publicacion de literatura de Radio en 
Sudameérica. 












El ‘Handbook’ (libro manual) esta reconocido 
como el libro modelo en su clase. El por tanto tiempo 
esperado y sugestionado libro manual (Handbook) 
estamos seguros que su edicion en espanol encontrara 
una acogida extraordinaria. Ha sido cuidadosa y es- 
crupulosamente traducido. Ha sido impreso en una 
imprenta que esta reconocida como la mejor de 
Sudameérica. 


Nosotros estamos orgullosos del hecho que la Revista 
Telegrafica haya producido este trabajo y estamos 
seguros al mismo tiempo que es una contribucion 
notable para la literatura tecnica en la lengua espafola. 


Se pueden conseguir ejemplares en “The American 
Radio Relay League, West Hartford, Connecticut, 
U.S. A.” a $1.50 cada ejemplar, franco, o si es mas 
conveniente directamente de la Revista Telegrafica, 
Pert 165, Buenos Ajires, Argentina, a seis pesos, en 
moneda argentina. 





e.. 
AMERICAN RADIO RELAY LEAGUE, INC. 


WEST HARTFORD, CONN., U. an A. 








ee 
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MEETING THE GREAT ‘AMATEUR’ DEMAND 


& While serving every field, including professional and commer- 
cial demands, Astatic has never forgotten the amateur and 
many of its finest products are designed for his particular use. This 
is due, in part, to the fact that what is now The Astatic Corpora- 
tion, known the world over as pioneer manufacturers of quality 
crystal microphones and pickups, had its humble beginning as a 
small but enthusiastic group of radio amateurs. We have enjoyed 
this friendship and the confidence that has come from the long 
and satisfactory service of Astatic Crystal Products. 


When in need of crystal microphones, pickups, cart- 


ridges, recording heads and accessories, see your Radio 
Parts Jobber or write for Astatic’s complete catalog. 


— ASTATIC FT 


THE ASTATIC, CORPORATION 


YOUNGSTOWN, OHIO |. In Canada: 


Canadian Astatic Lid. 


Licensed Under Brush 
Development Co. Patents GG ~< ao) Toronto, Ontario 








BALI GM Bs carecar oc Oete se) vnteile nara Ae te sisi ais erences *%6.3 volts @ 2.5 amps 




















HY63 HY67 
Filament potential. .......6065 © W125 0r 2.5 v. *6.3 of 12.6 y. 
Filament current. .......e-ee2000 0.22 or 0.11 a. 4or2¢ 
Plate potential (max.).......6. é 200 v. 1250 y 
Plate current (max.)........0006 20 ma 175 me 
Plate dissipation (max.)....-..+. 3 w. 65 w. 
lass Co Gut put incense esentvee 6.0 severe 3 w. 152 wi 
HY65 HY69 . 
Filament potential.......... * 6.3 v. * 6.3 v. 
Filament current. ......eese6 0.8 a. 1.6 as 
Plate potential (max.)....... 450 v. 600 v. 
Plate current (max.)........ 63 ma. — 100 ma. 
Plate dissipation (max.) ....« 15 w. 40 w. 
Class: C Gut putis.eciaiecicrcacccions 19 ww. 42 w. 
i 
HY67 
HY60 HY61/807 
Filament potential. ......... 6.3 v. 6.3 v. 
Filament current. .....+e0. * 0.5 a. 0.9 a. 
Plate potential (max.)......6 425 v. 600 vy. 
Plate current (max.)......e6 60 ma. 100 ma, 
Plate dissipation (max.) i 15 w. 25 w. 
Class C output. .ccecccescee 16 w. 
HY866 Jr. 866A/866 
Filament potential. ......... 2.5 v. 25 Ms 
Filament current.......++++ 2.5 a. 5.0 a. 
Peak inverse potential...... 5000 v. 10000 v. 
Peak plate current...-....- 500 ma. 1000 ma. 
Max. D.C. output pot........ 1575 v. 3165 v. 
Max. D.C. Cur. (2 tubes) .... 250 ma, 500 ma. 
: 6V6GTX 6L6G 
Filament potential. ......... 6.3 v. 6.3 
Filament current. ...+eeeeee 0.5 a. 0.9 ¢ 
Plate potential (max.)......+ 300 v. 500 y. 
Plate current (max.).....00. 60 ma. 90 ma 
Plate dissipation (max.) ..... 15 w. 216 
Class C output. ..cccccscece 12 w. 30) 
SbABGTX. wee eee $0.95 EKEGTX. soweees $1.30 
BISCT Rs vsaweus 0.95 GSAT. GIX ws cisiees 1.05 
BIZ GTR. aw ewww 0.95 6SIT GIXK oe: 6:eiereie 1.05 
6K7GTX... 22 0ee 0.95 6SK7 GTX. eceee 1.05 














Plate: dissipations (iGX.) sess <Sis<vain wie seis desires aye teveracnvererdiave 15 watts 
Piste hance dap 'ssim eels es uremic 450 max. volts and 100 max. ma. 
Nominal Output Modulated Unmodulated 
SOimegacyclesissicsis.cctewaveis so esses 24 33 watts 
TY 2 megeCyclesin sc cs S hase bie swee en 16 19 watts 
Sialiarerathe Re nleyavey dun Seni guia 12 15 watts 
HY1T14B HY615 
Filament potential ...... *1.25 v. 6.3 v. 
Filament current.....+-+ 0.145 a. 0.17 a. 
Plate potential (max.)... 180 v. 300 v. 
Plate current (max.)...«+ 15 ma. 20 ma. 
Plate dissipation (max.) .« 2w. 3.5 w. 
Class C output. ...-+ees 2w. 4.5 w. 
HY615 — HY114B 
HY30Z HY31Z 
Filament potential. ......+++++ *6.3 v. *6.3 v. 
Filament current. ..+seeeeeeee 2.25 a. 2.5 a. 
Plate potential (max.)......+++ 850 v. 500 v. 
Plate current (max.)....+eee. e 90 ma. 150 ma. 
Plate dissipation (max.)...++++ 30 w. 30 we 
Class C outputs, os siveu ss newwe 58 w. 56 w. 
Class B audio output......-++6 110 w. 51 w. 
HY40 HY40Z 
Filament potential. .....-e+eeee 7.5 7 Ms 
Filament current. .....+eeeeee 2.254 2.5 a. 
Amp. factor.cosceccssscecee ‘ 25 80 
Plate dissipation (max.).....+- 40 w. 40 w. 
ARG ics a seems ces 1000 max. v. and 125 max. ma. 
CLSSIG-OUTDUT ocens::e; seo-cnsngrava U5 tele oie we eerniensceaia's 
Class B output (2 tubes)........+- Se eae eaieaee 
HY51A, Z HY51B 
Filament potential. .......+.6+ 7D Vs 10 v. 
Filament current.........2500. Bsa Bs 2.25' a; 
Amp: factor... cccsicecceswaiis 25-85 25 
Plate dissipation (max.)....... 65 w. 65 w. 
PING ick wacwedciea sien 1000 max. v. and 175 max. ma. 
Glass GOP UE sj ond s5ss ance aveyarn\ Susrereiaisinre « Wale aee 131 w. 
Class B odtput (2 tubes) \.i0:0 ssc wares ces.nenewss 285 w. 
HY24 BOI1A 
Filament potential. .......e.50% * 2.0 v. 7.5%, 
Filaitient :curtentis:ecie.0:0 0:6 6secadiave 0.13 a. 125! a, 
Plate potential (max.)........4. 180 v. 600 v. 
Plate current (max.).......-+% 20 ma, 70 ma. 
Plate dissipation (max.)....... 2.0 w. 20 w 
Class iC O0tpotacss cemeui aces 2.7 w. 30 w. 





service (CCS). 




















All ratings are for continuous-duty 


Use specially-selected Hytron ceramic-based GTX tubes 
for low-loss reception and 
transmission. 


GTX 


*Instant-heating filament 











Stack-mounting porcelain cased mica capacitors 
for various transmitting applications — grid, 
plate-blocking, coupling, tank, by-passing, etc. 
In five different sizes. Wide choice of voltages 
and capacities, 


Bakelite-case mica capacitors. Precision-built 
mica sections, vacuum-impregnated and _ sur- 
rounded by low-loss filler, in one-piece bakelite 
cases. Standard brown or low-loss (yellow) bake- 
lite. Also a still wider choice of molded-in- 
bakelite mica, sulphur-filled mica, metal-case 
mica, etc. 


Oil-filled capacitors in widest range of can 
designs, terminals, mountings. High-voltage 
capacitors up to 7500 v. 


Handy plug-in electrolytic and paper section 
capacitors for ready checking and replacement 
in continuous-service equipment. Prong bases fit 
into standard octal socket (electrolytic) or UX 
socket (paper). 


Mica padder units adjusted in regular produc- 
tion to as close as 1%. Exceptionally stable 
characteristics. 


These and other types assure you of the right 
type capacitor for your every need. 


EROWWx 


@ As its practical contribution to the furtherance 
of the amateur radio art in these critical times, 
AEROVOX has made available to “hams” its com- 
munications-type transmitting capacitors, quite in 
addition to its regular items. Thus you can now use 
in your “rigs” those types which heretofore were 
confined to Government and commercial com- 
munication equipment, without undue strain on 
your pocketbook. 


Ask Your Jobber... 


He'll gladly tell you more about Aerovox communications-type 
transmitting capacitors, as well as the regular Aerovox line. Ask 
him for a copy of the latest radio catalog. Also ask for a FREE 
subscription to the monthly Aerovox Research Worker. Or write 
us direct. 
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LEARN CODE iit‘ i 
BY HEARING IT 


G. L. AUTOMATIC SENDERS will — 
Teach You Code—Speed-up Your Receiving — 
Send Your Messages 


Type S— $17.50 


Sends from 4 to 40 words per minute. Higher 
speeds if desired. Slow enough for the beginner. 
Fast enough to speed-up the professional or 
the “Ham.” Multiple brush type contacts — 
positive at all speeds — no misses. Silent induc- 
tion type motor. Motors other than standard 
voltage and frequency available at slight ad- 
ditional cost. Only 544” x 4%" x 6”. Weighs 
only 4 lbs. Aluminum case, black instrument 
finished. All exposed parts cadmium plated. 
Complete with 10 rolls of double-perforated 
lesson tape of carefully arranged and selected 
material for speediest results. 











Type J—$12.50 


Double purpose instrument — code 
teacher and automatic sender. Sends 
from 6 to 60 words per minute. Multiple 
brush type contacts — positive at all 
speeds. Silent induction type motor. 
Motors other than standard voltage and 
frequency available at slight additional 
cost. Built-in tape perforator. Cut your 
own code practice and reception speed- 
up tapes. Cut your own message tapes 
for calling stations or repeating mes- 
sages. Repeats calls or messages in- 
definitely. Length of message practically 
unlimited. Complete with ready cut 
practice tape and 5 rolls of blank tape. 








High Speed Relays 


Completely encased in black satin tremely quiet, small in size, pin-type 
finished bakelite. Sealed against mois- base. Can be used in any position. 
ture. Will follow accurately at greater Available in 6, 25, 50, 100 and 150 
than 7000 contacts per minute. Ex- Volts. 


If your dealer cannot supply you, write us 


GARDINER-LEVERING CO. i 


Box 83, Haddon Heights New Jersey, U.S.A. | 
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For twenty-seven years (and 
thereby the oldest American 
radio magazine) QST has 
been the ‘bible’? of Ama- 
teur Radio. 


QST faithfully and adequately reports each month the rapid 
development which makes Amateur Radio so_ intriguing. 
Edited in the sole interests of the members of The American 
Radio Relay League, who are its owners, QST treats of equip- 
ment and practices and construction and design, and the ro- 
mance which is part of Amateur Radio, in a direct and analytical 
style which has made QST famous all over the world. It is essen- 
tial to the well-being of any radio amateur. QST goes to every 
member of The American Radio Relay League and membership 
costs $2.50 per year in the United States and Possessions. 
All other countries $3.00 per year. Elsewhere in this book 
will be found an application blank for A.R.R.L. membership. 


The OFFICIAL 
MAGAZINE of the 
AMERICAN RADIO 

RELAY LEAGUE 











Those ake pride in the appearance of their lay-out and wish to keep their 

reference file of QST’s in a presentable manner, appreciate the QST binder. 
It is stiff-covered, finished in beautiful and practical maroon fabrikoid. Cleverly 

designed to take each issue as received and hold it firmly without mutilation, it 

permits removal of any desired issue without disturbing the rest of the file. It 

‘accommodates 12 copies of QST and the yearly index. Opens flat at any page 
of any issue. 


With each Binder is furnished a sheet of gold and black gummed labels for years 
1922 through 1943. The proper one can be cut from the sheet and pasted in 
the space provided for it on the back of the binder. 


The back co 


teur techni 








issues is a Pout 





A file of several years of QST, kept in order iff binders, is a most valuable ref- 
erence library for any Radio Amateur. 


1934 to 1940 copies, inclusive, complete, $2.50 per yearly set. 


1925 to 1933 copies, inclusive, incomplete. Available copies of these years 
furnished upon application. 


All single copies, 25c each. Foreign add 50c for each twelve copies ordered. 


Malt RPh 
[7 ae 













sy 50 


Available only in United 
States and Possessions 








$ POSTPAID 
$1.50 OUTSIDE 
CONTINENTAL 


U.S. A. 
BUCKRAM BOUND 
$2.50 POSTPAID 


SPANISH EDITION 
$1.50 POSTPAID 


The Handbook tells the things which are needed for a comprehensive 
understanding of Amateur Radio. From the story of how Amateur Radio 
started through an outline of its wide scope of the present — from sugges- 


tions on how to learn the code through explanations 


of traffic-handling 


procedure and good operating practices — from electrical and radio 
fundamentals through the design, construction, and operation of amateur 
equipment — this book covers the subject thoroughly. It includes the 
latest and the best information on everything in Amateur Radio. 


Universally recognized as the standard elementary guide for 
the prospective amateur, How to Become a Radio Amateur, 
features equipment which, although simple in construction, 
conforms in every detail to present practices. The apparatus is 
of a thoroughly practical type capable of giving long and 
satisfactory service — while at the same time it can be built at a 
minimum of expense. The design is such that a high degree of 
flexibility is secured, making the various units fit into the more 
elaborate station layouts which inevitably result as the amateur 
progresses. Complete operating instructions and references to 
sources of detailed information on licensing procedure are 
given, as well as a highly absorbing narrative account of just 


what amateur radio is and does. 


POSTPAID 
ANYWHERE 


SIMPLE RECEIVERS AND TRANSMITTERS 


A Radio 


Amateur 


With Camplete Constractinnal Irisite of 
A Simple and Inexpensive Amatear Sista 


O50 MELAY LEAGUE, Woot Bortford. Cooornien 
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HINTS & 


Amateurs are noted for their ingenuity in overcoming by clever KINKS 
means the minor and major obstacles they meet in their pursuit of lor the Nadlo Amateur 
their chosen hobby. An amateur must be resourceful and a good 

tinkerer. He must be able to make a small amount of money doa to raid 
great deal for him. He must frequently be able to utilize the con- egos 
tents of the junk box rather than buy new equipment. Hints and : 


Kinks is a compilation of hundreds of good ideas which amateurs | 
have found helpful. It will return its cost many times in money 
savings — and it will save hours of time. 


oOe 


POSTPAID 
ANYWHERE 


Prices 
50 conta 





Pesieted to ste AOME AT BASED OELAD AAVEE + Gms Boxers Lom 


A comprehensive manual of amateur antenna 
design and construction, by the headquarters 
staff of the American Radio Relay League. 
Eighteen chapters, profusely illustrated. Both 
the theory and the practice of all types of 
antennas used by the amateur, from simple 
doublets to multi-element rotaries, including 
long wires, rhomboids, vees, phased systems, 
u.h.Ff. systems, etc. Feed systems and their ad- 
justment. Construction of masts, lines and ro- 
tating mechanisms. The most comprehensive 
and reliable information ever published on 


the subject. 


POSTPAID 
ANYWHERE 





postpaid 
anywhere 


Before you can operate an amateur transmitter, you must have a govern- 
ment license and an officially assigned call. These cost nothing — but you 
must be able to pass the examination. The examinations are based on the 
multiple-choice type of questions. The ‘License Manual” has been writ- 


ten to make it as easy as possible for the individual to acquire the neces- 
sary knowledge to pass the examination with flying colors. Whether you 
are going up for your Class C, B or your Class A ticket, “The License 
Manual” will provide the most direct path to getting that ticket. If you are 
one of the thousands who always wants a ‘‘License Manual”’ around the 
shack for ready reference for amateur regulations, it will please you to know 
that the regulations are very thoroughly indexed. 


Building an 
Amateur 


An introduction into Amateur Radio-telephony. 
Written for the man who has a class C or class B 
license. A companion book to “How to Be- 
come a Radio Amateur.’’ Contains simple de- Radiotelephone 
scription of the process of modulation and prin- Transmitter 
ciples of good design for ‘phone. Description of Mapic soe tecagensive Apporedse 
inexpensive low power transmitter and modu- 

lator, with complete operating instructions plus 

some antenna dope of particular interest in 160- 

and 10-meter operation. It tells what a new or 

inexperienced ham should know before attempt- 


ing to use ‘phone, 


postpaid 
anywhere 





























HANDBOO 


89 


CATALOG 
SECTION 





A.R.R.L. 
Amateur Radio 


MAP of the World 


A map entirely new in conception and design, contains every bit of 
information useful to the radio amateur. A special type of projection 
made by Rand, McNally to A.R.R.L. specifications. It gives great circle 
distance measurements in miles or kilometers within an accuracy of 2%, 
Shows all principal cities of the world; local time zones and Greenwich; 
WAC divisions; 230 countries, indexed; 180 prefixes, districts and sub- 
divisions, where used; and U. S. examining points. Large enough to be 
usable, printed in six colors on heavy map paper, 30 x 40 inches. 


$y-25 


POSTPAID 


Two HunpreED METERS AND Down 


The Story of Amateur Radio 
by CLINTON B. DESOTO 


A detailed full book | h eagle laoqiom 
etailed, accurate presentation in full book lengt . in 

of all the elements that have served to develop the AND DOWN 
most unique institution of its kind in the history of THE STORY OF AMATEUR: RADIO. © 
the world. A book of history but not a history-book, 
TWO HUNDRED METERS AND DOWN: The 
Story of Amateur Radio tells in spirited, dramatic 
fashion the entire chain of significant events in the 
development of the art. 


——— aac 


Approximately 200 pages, 90,000 
words, with durable imitation leather Deluxe edition bound 





red paper cover in blue cloth 
Sq.00 | sep- 00 
POSTPAID POSTPAID 
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STATION OPERATING 


LOG BOOK 


As can be seen in the illustration, the log page provides space for all facts pertaining 
to transmission and reception, and is equally as useful for portable or mobile operation 
as it is for fixed. The 38 log pages with an equal number of blank pages for notes, six 
pages of general log information (prefixes, etc.) and a sheet of graph paper are spiral 
bound, permitting the book to be folded back flat at any page, requiring only the page 
size of 81% x 11 on the operating table. In addition, s number sheet, with ARR. 
Numbered Texts printed on back, for traffic handlers, is included with each book. 
SBobe@ per book or 3 books for Sl 





OFFICIAL RADIOGRAM FORMS 


The radiogram blank is designed to comply with 

the proper order of transmission. All blocks for 

fill-in are properly spaced for use in typewriter. 

It has a strikingly-new heading that you will like. 

Radiogram blanks, 814 x 714, lithographed in 

green ink, and padded 100 blanks to the pad, 
20c per pad, postpaid. 





MESSAGE DELIVERY CARDS 


Radiogram delivery cards em- 
body the same design as the 
radiogram blank and are avail- 
able in two styles — on stamped 
government postcard, 2c each; 


The operating supplies 
unstamped, 1c each. 


shown on this page have 
been designed by the 
A.R.R.L. Communications 
Department. 











STATIONERY 


Members’ stationery is standard 814 x 11 bond 
paper which every member should be proud to use 
for his radio correspondence. Lithographed on 814 x 


11 heavy bond paper. 


100 Sheets, ®O@ — 250 Sheets, $1.00 


500 Sheets, 81.75 
POSIPAID 
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MEMBERSHIP 





In the January, 1920 issue of Q5T there appeared an editorial requesting suggestions 
for the design of an A.R.R.L. emblem — a device whereby every amateur could 
know his brother amateur when they met, an insignia he could wear proudly wher- 
ever he went. There was need for such a device. The post-war boom of amateur 
radio brought thousands of new amateurs on the air, many of whom were neigh- 
bors but did not know each other. In the July, 1920 issue the design was announced 
— the familiar diamond that greets you everywhere in Ham Radio — adopted by 
the Board of Directors at its annual meeting. It met with universal acceptance and 
use. For years it has been the unchallenged emblem of amateur radio, found wher- 
ever amateurs gathered, a symbol of the traditional greatness of that which we call 


Amateur Spirit — treasured, revered, idealized. 


THE LEAGUE EMBLEM, with both gold border and 
lettering, and with black enamel background, is avail- 
able in either pin (with safety clasp) or screw-back but- 
ton type. 

In addition, there are special colors for Communica- 
tions Department appointees. 

@ Red enameled background for the SCM. 

@ Blue enameled background for the ORS or OPS. 

(Red available in pin type only. Blue may be had in 


either Pe or button style.) 

THE EMBLEM CUT: A mounted printing electro- 
type, 9” high, for use by members on amateur printed 
matter, letterheads, cards, etc. 


BOE rosa 





Stationery and Emblems are avail- 
‘able only to A.R.R.L. Members. 


gineers, servicemen and experimenteys. Their accura 


practicaftproble 
or has o 


seful for the “problems that 
confront the amateur every time he builds a 
new rig or rebuilds an old one or winds a coil 
or designs a circuit. It has two scales for physical 
inch to five 
and one-half inches in diame 
quarter to ten inches in len 
scale from 400 kilocycles thr 


36. Using these scales in the 
utlined in the instructions on 
the back of the calculator, it is possible to solve 
problems involving frequency in kilocycles, 
wavelength in meters, inductance in microhenrys 
and capacity in microfarads, for practically all 
problems that the amateur will have in designing 
—from high-powered transmitters down to 
simple receivers. Gives the direct reading 
answers for these problems with accuracy well 
within the tolerances of practical construction. 


$1.00 PosiPAiD 


Aware of the practical bent of the 
average amateur and knowing of his 
limited time, the League, under license 
of the designer, W. P. Koechel, has 
made available several calculators to 
obviate the tedious and sometimes 
difficult mathematical work involved in 
the design and construction of radio 
equipment. The various lightning cal- 
culators are ingenious devices for rapid, 
certain and simple solution of the vari- 
ous mathematical problems which arise 
in all kinds of radio and allied work. 
They make it possible to read direct 
ithout struggling with formu- 
computations. They are tre- 
i s for amateurs, en- 
5 n adequate for the 
the | rement by ordinary 
i i its use; the greatest 
ple numbers. All 

ane. You will find 


eS you ever owned. 


OHM’S LAW CALCULATOR 


Type B 
This calculatorshas four, 
: cro ough 10 


U amperes. 


A voltage scale from 10 microvolts through 
10 kilovolts. 


With this concentrated collection of scale, 
calculations may be made involving voltage, 
current, and resistance, and can be made with a 
single setting of a dial. The power or voltage or 
current or resistance in any circuit can be found 
easily if any two are known. This is a newly-de- 
signed Type B Calculator which is more accurate 
and simpler to use than the justly-famous original 
model. It will be found useful for many calcula- 
tions which must be made frequently but which 
are often confusing if done by ordinary methods. 
All answers will be accurate within the tolerances 
of commercial equipment. 


$1.00 postPaiD 
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| The Amateurs BOOKSHELF 


A balanced selection of good technical books, additional to the ARRL publications, 
should be on every amateur’s bookshelf. We have arranged, for the convenience of our 
readers, to handle through the ARRL Book Department those works which we believe to be 
most useful. Make your selection from the following, add to it from time to time and acquire 
the habit of study for improvement. Prices quoted include postage. Please remit with order. 


Radio Theory and Engineering 


RADIO ENGINEERING, by F. £. Terman. A 
comprehensive treatment covering all phases 
of radio communication. An all-around book 
for students and engineers, it is a recognized 
authority in its field. 813 pages, 475 illustra- 
tions. 2nd edition, 1937....e+e+++- $5.50 


FUNDAMENTALS OF RADIO, by F. E. Ter- 
man. An elementary version of the author's 
“Radio Engineering,” with simplified treat- 
ment and intended for readers of limited 
mathematical ability. 458 pages, 278 illus- 
Wotions.. VOSS: « sicacias a ecaiereae ea $3.75 


PRINCIPLES OF RADIO, by Keith Henney. 
The subjects range from the fundamentals of 
electricity to the modern concepts of modula- 


tion and detection. 495 pp., 311 illustrations. 
3rd edition, 1938 ........ cece s- $3.50 


FUNDAMENTALS OF RADIO, by R. R. Ram- 
sey. Long a favorite with amateurs and ex- 
perimenters. 426 pages, 418 figures, 380 
problems. Second edition, 1935.....$3.50 


ELEMENTS OF RADIO COMMUNICA- 
TION, by J. H. Morecroft. By the author of 
the well-known “Principles.” Simple algebra 
is sufficient. An excellent book for the “first- 
year” student. 286 pages, 170 illustrations. 
Second edition, 1934......... «+e++ $3.00 


COMMUNICATION ENGINEERING, by 
W. L. Everitt. Complete treatment of net- 
work theory, including mathematical analysis 


of radio circuits and tube operation. 727 
pages, 41] illustrations. 1937....... $5.00 


THEORY AND APPLICATION OF ELEC- 
TRON TUBES, by H. J. Reich. A compre- 
hensive treatment of the theory, character- 
istics and applications of electron tubes and 
their circuits, with many data not elsewhere 
available. 670 pages, 512 illustrations. 1939. 

$5.00 


RADIO ENGINEERING HANDBOOK, 
Keith Henney, Editor. An authoritative hand- 
book for radio engineers, with technical data 
on all fields and aspects of radio contributed 
by a staff of 23 specialists. 945 pages, 837 
illustrations. 1941... ..ecsceesececes $5.00 


Radio Experiments and Measurements 


MEASUREMENTS IN RADIO ENGINEER- 
ING, by F. E. Terman. A comprehensive engi- 
neering discussion of the measurement prob- 
lems encountered in engineering practice with 
emphasis on basic principles. 400 pages, 208 
illustrations. 1935000065 esnceas aes $4.00 


HIGH-FREQUENCY MEASUREMENTS, by 
August Hund. A thorough treatment, espe- 
cially useful in advanced laboratory work. 
Includes a chapter on piezo-electric deter- 
minations. 491 pp., 373 illustrations. 1933. 

$5.00 


THE CATH ODE-RAY TUBE AT WORK, by 
John F. Rider, Cathode-ray tube theory, 
sweep circuits, a.c. wave patterns and de- 
scription of commercial oscilloscope units in- 
cluding actual photographs of screen patterns. 
322 pages, 444 illustrations......... $3.00 


RADIO FREQUENCY ELECTRICAL MEAS- 
UREMENTS, by H. A. Brown. A laboratory 
course in r.f. measurements for communica- 
tions students. Contains practical information 
on methods, 384 pages, 177 illustrations. 2nd 


EXPERIMENTAL RADIO, by R. R. Ramsey. 
This is a laboratory manual, describing 132 
experiments designed to bring out the prin- 
ciples of radio theory, instruments and meas- 
urements. 196 pages, 167 figures. Fourth 


edition, 1938........ 


oc eccccccecs $4.00 edition, 1937.....008 


sc ccecccese Paes e 


Commercial Equipment and Operating 


RADIO OPERATING QUESTIONS AND 
ANSWERS, by Nilson and Hornung. Gives 
the answers to the paraphrased questions in 
the FCC study guide, covering all six elements 
of the commercial examinations. Completely 
modernized. 415 pages, 87 illustrations. 7th 
Edition; 1940. ss aisins voewaes bs occa $2.50 


RADIO OPERATOR’S MANUAL, by the 
Radio Dept., General Electric Co. Pri- 
marily @ manual to qualify an applicant for 


THE RADIO AMATEUR CALL BOOK. Lists 
all U. S. and foreign amateur radio stations. 
Quarterly ........ $1.25 (Foreign $1.35) 


CALLING CQ—ADVENTURES OF SHORT- 
WAVE RADIO OPERATORS, by Clinton B. 
DeSoto. Stories of the friendships, ad- 
ventures, exploits and heroism of hams the 
world over. The answer for the friends who 
ask, “What is amateur radio all about?” 291 
Pages.. 1941s cccicrcvicsiceceisicives ee $2000 


RADIO AS A CAREER, by J. L. Hornung. A 
comprehensive discussion of the opportunities 
to be found in the various radio fields and the 
relationship of the radio amateur to these 
fields. 212 pages. 1940......ee+-- $1.50 


AMERICAN RADIO RELAY LEAGUE, 


the radiotelephone classes of license (includ- 
ing police), but also provides material of 
general interest to users of commercial radio 
equipment. 194 pages, 56 illustrations. 4th 
CAHIGNy, TYSG <0 seiewercnmatersrest cise $1.00 


PRACTICAL RADIO COMMUNICATION, 
by Nilson and Hornung. A treatment meeting 
the expanded scope of technical require- 
ments in the various commercial fields. The 
first six chapters are devoted to principles, 


GETTING ACQUAINTED WITH RADIO, 
by Alfred Morgan. Gives the average person 
interested in radio the basic principles of the 
science. For the neophyte. 285 pages, 130 
illustrations. 1940 0.006 see0cenecnese $2.50 


AUDEL’S NEW RADIOMAN’S GUIDE, by 
E. P. Anderson. For one who wants to get a 
working knowledge of radio. Not an engi- 
neering text, but filled with useful information 
for the practicing radio man. 765 pages, 519 
Mustrations: 1940605 a sjeierain as saiaee $4.00 


SERVICING SUPERHETERODYNES, by 
John F. Rider, Theory and practice of super- 
heterodynes, with adjustment and _ trouble- 
shooting data. 278 pages, 94 illustrations. 

$1.00 


INC., 


the remaining nine to broadcasting, police, 
aviation and marine communication. 754 
pages, 435 illustrations. 1935....... $5.00 


THE RADIO MANUAL, by G. E. Sterling. An. 
excellent practical handbook, especially valu- 
able to the commercial and broadcast opera- 
tor, covering the principles, methods and 
apparatus of all phases of radio activity. 
Illustrated. 1120 pages, 1938....... $6.00 


AERONAUTIC RADIO, by Myron F. Eddy: 
This book supplies the information needed by 
students, pilots, mechanics, operators and 
executives. Prepares for aviation radio license 
exams. 502 pages, 198 illustrations. 1939. 

$4.50 


PRINCIPLES OF TELEVISION ENGI- 
NEERING, by D. G. Fink. Information on the 
fundamental processes of television reception. 
and transmission, with design data and de- 
scriptions of modern equipment. Covers the 
television system from the camera to the 
viewing screen in the receiver. 541 pages, 
313 illustrations. 1940. ..esecesseee $500 
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To Manufacturers of 
Products Used in Short-Wave 
Radio Communication 





THe Rapio AMATEUR’S HANDBOOK is the world’s 
standard reference on the technique of short-wave 
radio communication. Now in its nineteenth annual 
edition, it is universally used by radio engineers as 
well as the thousands of amateurs and experimenters. 
for whom it is published. Year after year, each 
succeeding edition has sold more widely than its 
predecessor, until the Handbook now has a world- 
wide annual distribution in excess of eighty thou- 
sand copies of its English and Spanish editions. To 
manufacturers whose integrity is established and 
whose products meet the approval of the American 
’ Radio Relay League technical staff, we offer use of 
space in the Handbook’s Catalog-Advertising Section. 
Testimony to its effectiveness is the large volume of 
advertising which the Handbook carries each year. It 
is truly the standard guide for amateur, commercial 
and government buyers of short-wave radio equip- 
ment. Particularly valuable as a medium through 
which complete data on products can be made easily 
available to the whole radio engineering and experi- 
menting field, it offers a surprisingly mexpensive 
method of producing and distributing a creditable 
catalog, accomplishes its production in the easiest 
possible manner, and provides adequate distribution 
and permanent availability impossible to attain by 
any other means. We solicit inquiries from qualified 
manufacturers who wish full data for their examina- 
tion when catalog and advertising plans are under 
consideration. 











ADVERTISING DEPARTMENT... 


American Radio Relay League 
WEST HARTFORD, CONNECTICUT 
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